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Evaluated Activity and Osmotic Coefficients for Aqueous Solutions: 
Iron Chloride and the Bi-Univalent Compounds of Nickel and Cobalt 

R. N. Goldberg, R. L. Nunall, and 8. R. Staples 

National Measurement Laboratory, National Bureau of Standards, Washington, D.C. 20234 

A critical evaluation of the mean activity and osmotic coefficients in aqueous solu­
tio:us of iron chloride, nickel chloride, perchlorate, and nitrate and twenty-nine bi­
univalent compounds of cobalt at 298.15 K is presented. Osmotic coefficients were 
calculated from direct vapor pressure measurements, from isopiestic measurements, 
from freezing point depression measurements, and from vapor pressure osmometry 
measurements. Given are empirical coefficients for three different correlating equa­
tion~, obtainl~il hy A wp.iehtp.il Ip.A!<t "'lI1Arp" fit ('of th"" .;>xpprtl1'lpnt"l data, and .tabl",,<;; 

consisting of the activity coefficients of the compounds, the osmotic coefficients and 
activity of water, and the excess Gibbs energy of the solution as functions of the 
molality for each electrolyte system. The literature coverage is through the computer­
ized version of Chemical Abstracts of April 1979. 

Key words: Activity coefficient; cobalt; critical evaluation; electrolyte; excess Gibbs energy; iron; 
nickel; osmotic coefficients; solutions; thermodynamic properties. 
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924 GOLDBERG, NUTTALL, AND STAPLES 

1. Introduction (I~J1.)between the pure solvent and the solvent in the solu-

T~is paper presents a continuation of work at the Na­
tional Bureau of Standards on the evaluation of activity 
and osmotic coefficients in aqueous solutions. Previously, 
evaluations have been made for the uni-univalent electro­
lytes [1]\ calcium chloride [2J, the alkaline earth metal 
halides [3], and sulfuric acid [4J. The evaluation proce­
dures have been described [2,3,5] in substantial detail and 
a bibliography [6J giving the results of a search of the 
scientific literature for relevant sources of experimental 
data has been published. 

We present our evaluations in detail so that any potential 
users of the data, as wen as future data evaluators, can have 
a better view of the status of the measurements on these 
systems. We also give coefficients, obtained by a weighted 
least squares fit of the experimental data, for three dif­
ferent correlating equations and tables consisting of the 
mean activity coefficients of the p.lectrolyte, the ·os<motic co­
efficient and activity of water, and the excess Gibbs energy 
of the solution as functions of the molality for each elec­
trolyte system at 298.15. The literature coverage is through 
the computerized version of Chemical Abstracts of April 
1979. 

Tbe reader is referred to the glossary of symbols at the 
end of this paper for the definitions of the various symbols 
used throughout this paper. In general, we have. attempted 
to adhere to the recommendations of the IUPAC [7] with 
regard to nomenclature and units. 

2. Osmotic Coefficients from Vapor 
Pressure Osmometry 

To date in our evaluations we have considered actiyity 
and osmotic coefficient data based upon direct and indirect 
vapor pressure measurements, freezing point depression 
measurements, electromotive force measurements with· and 
without transference and diffusion measurements. In 1963 
Burge [8] proposed the use of a "thermoelectric differen­
tial vapor pressure method", first described by A. V. Hill 
[9], for the measurement of osmotic coefficients; this 
method has subsequently been known as vapor pressure 
osmometry. The use of this method has been described by 

Burge [8]: "Two thermistor beads forming two arms of 
a Wheatstone bridge are suspended in a saturated solvent 
atmosphere in a chamber whose temperature is very care· 
fully controlled. The bridge is balanced with solvent drops 
on both beads, and then the solvent on one bead is replaced 
by a drop of solution. Condensation from the saturated 
iltmol>phcrc warm:> the bead thu" changing it" rc:.i:.tam:;e 

and unbalancing the bridge. The experimentally observed 
quantity is the amount of resistance change ·required to 
re·balance the bridge, which can be related to the tempera­
ture change of the bead". If the observed temparature dif~ 
ference is proportional to the chemical potential difference 

1 'Fi~ureR in brackets indicate literature references. 

tion, thcn it can be shown that 

and 

(ARes) 
cf>=--

vkm 

where m is the .molality of the electrolyte solution, cf> the 
osmotic coefficient, (ARes) is the difference in resistance 
between the thermistors, and k is an experimental calibra­
tion constant. 

It should be noted that the measured change in resist' 
ance . (which for small temperature differences· is very 
nearly proportional to the temperature difference between 
the two thermistors) will be dependent not only upon the 
vappr pressure but also upon the transport properties of 
the solution under investigation. The method of vapor 
pressure osmometry should be valid if the transport prop­
erties of the solution under investigation and the solvent 
are the same: This ideal case is approached as the solution 
becomes more dilute. We are not aware of any detailed 
theoretical anaJysis that has been performed for the vapor 
pressure osmometer type experiment and, in the absence 
of such an analysis, we must look to the agreement (or lack 
of it) between· measurements obtained with a vapor pres­
sure osmometer and other more rigorous· and established 
methods. The tests performed by Burge [81 using five dif­
ferent electrolyte solutio·ns indicate a maximum difference 
of 0.012 and an average difference of 0.005 in the osmotic 
coefficient fOT eighteen different measurements at molalities 
up to 0.4 mol, kg- 1 • For the compound [Co(NH3) 5N02] 

C12, Harkins, Han, and Roberts [10] report freezing point 
depression data from which we have obtained osmotic 
coefficients at 25° C. Comparison of these results with the 
osmotic coefficients of Masterton and Scola (II] obtained 
with a vapOT pressure osmometer show a difference of 
0.022 in the osmotic copffidpnt lOt -"moh1ity of 0.01 

molokg- 1• This difference is not unreasonable. Based upon 
these comparisons and also the fact that there are no other 
data available, we have decided to include in this compila­
tion data for a series of cobalt compounds based upon the 
work of Masterton and Scola [11] and Berka and Master­
ton [12]. Insofar as the results for these systems are based 
upon a method that is not completely rigorous and since 
there are no comparison results on these systems, one must 
use these results with some degree of caution. 

3. Evaluated Activity and Osmotic Coefficients 

3.1. Presentation of Data 

We have arranged the presentation of data according to 
compound. For each compound that has been evaluated we 
present: 
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1. The recommended values of the activity and osmotic 
coefficients, the activity of water, and the excess Gibbs 
energy per kilogram of solvent at selected molalities, in­
cluding, where possible, values at saturation. The latter 
molalities, indicated by (sat) in the tables, were calculated 
from the data given in the compilation of Linke and Seidell 
[13]. Estimates of the standard deviations of the calcu­
lated values of the osmotic coefficient [(/" (of»], the activity 
coefficient [(/" ( y ) ], and the natural logarithm of the activity 
coefficient [u(lll y) J, lill IiL !Sdt:CLtld mulalilies are given at 
the bottom of each table: 

2. The coefficients, standard deviations of the coefficients 
r (/"( coeff) 1. and standard deviation for observations of unit 
weights [u( eqtn) J for as many as three different correlat­
ing equations. The correlating equations we have used are: 

In y = - 1 !1~¥.l + Cm + Dm2 + EmS + ... , (Ia) 

The corresponding equations for the osmotic coefficient 
booome: 

of> = 1 + ~l-{- (l + Bl¥.l) + 21n (1 + Bl'h) (lb) 

+ 1/(1 + Bl¥.lH + 1/2 Cm + 2/3 Dm2 + 3/4 EmS + ... , 

of> = 1 - Al [¥.l - .6.1 [Inl + 1;2] 
3 2 

(2b) 

and 

(. + 1) 
1 - .6.['h + :l;N_ B'_I_. __ m(~+1)/2 (3b) 

3 1-1 (t + 3) 

For 2-1 electrolytes in water at 25°C, Al = 2.3525 
mol-'h· kg'h and A2 = % A2 = 0.92238 mol-I. kg. A is 
the constant in the Debye-Hiickel equation and is equal to 
1.17625 kg'h·mol-'h at 25°C. The user should note that in 
our tables where we have given the coefficients of these 
correlating equations for the various systems that have 
been evaluated, WP. havp. ""00 a shorthand notation to 

designate the various parameters, i.e., parameter I corre­
sponds to either B in eqs 1, or Bl in eqs 2 or 3, parameter 
2 corresponds to either C in eqs 1 or B2 in eqs 2 or 3, 
parameter ~ corresponds to either D in eqs 1 or B3 in eqs 
2 or 3, etc. Also, powers of ten are implied in the repre­
sentation of a number, e.g., 0.499-02 is 0.499 X 10-2• We 
have retained ten digits for the coefficients in order to 
avoid a loss of potentially useful information which might 
be of value for some applications in which the derivative 
of the activity coefficient with respect to the molality is of 

interest. The digits in excess of those required to ensure 
a precision of 0.001 or better in the calculation of of> ot 
In y have not been underlined. Unless indicated otherwise 
the coefficients for eqs (Ia) and (lb) were used to pro­
duce the activity and osmotic coefficients given in the tables 
of recommended values. 

3. The calculated values of of> obtained from the experi­
mental measurement reported by the various authors and 
the weights assigned to the various data sets. It should be 
noted that, in most cases, these are not original data, but 
rather the result of an intermediate calculation. Individual 
data points designated by an asterisk (*) were given zero 
weight 

4. A deviation plot in t:..of> as a function of the molality. 
In these plots the symbol t:.. means "observed minus calcu· 
lated" values. 

The excess Gibbs energy, t:..Cex, is given by t:..Gex = C -
C ideal = vmRT (1 - of> + In y). 

3.2. Sinusoidal Behavior Observed in the Fitting of 
Several Data Sets 

While fitting .several uaLa "t:l" (CUDJ2, Cu12, [Cu(NHa) fi 
CH~CH2COO]Br2' [Co(NHa)5CHaCH2COO]CI2, [Co(NHa)5 
CHsCOO] C12 , [Co(NHs)5(CHa)2CHCOO] (NOg )., [Co 
(NBs) s(CH3 ) 2CHCOO]Cl2, trans-rCo(C2H.N2) .NH.NO.] 
Br2' trans-[Co (C2HsN2) 2NHaN02] C12, and cis-[Co (C2Hs 
N2 ) 2NH.1N02]Cb with the three different correlating equa­
tions, it was observed that there was a sinusoidal behavior 
in the deviation plots for these data sets. This phenomenon 
was observed using all three correlating equatioris and 
could not be elimlnafed by using any reasonable number 
of additional parametp.r!'1.. WP. notp thl'lt this !1.inn"oidal 

behavior is, in all cases, well within a reasonable assign­
ment of the experimental accuracy of the measurements, 
and we do not believe that it is physically real. It is prob­
ably attributable to some artifact(s) inherent in the experi-
mental procedures. ' 

3.3. Supersaturated Solutions 

For four systems considered herein (NiCI2, CoBr2, Col., 
and Co (NOs) 2) the data apparently extend beyond the 
solubility limit and we have assumed that they pertain to 
reasonably stable supersaturated solutions. While the solu­
bilities tabulated by Linke and Seidell [13] appear, with 
the exception of Co12 , to be reliable, the workers [37, 49, 
51] who reported the isopiestic data made no mention of 
the solubilities or the stabilities of the solutions. We !lug· 
ge5t that it would be de5irablt: if futult: CJlpeJilllclltu\ work 

took more cognizance of these matters. 

J. Phy •. Chem. lI.f. Dolo, Vol. 'f No.4, 1979 
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3.4. Evaluated Systems 

Recommended Values for the mean activity and osmotic coefficient of FeC1 2 in H20 at 298.15 K 

m/mol'k!1;-l ::r.. 

.001 .8879 

.002 .6496 
• 003 .6230 
.004 .8020 
• 005 .7847 
• 006 .7698 
.007 .7568 
.ooe .7452 
• 009 .7348 
.01C .7252 
.020 .6594 
• 030 .6196 
.040 • l:S9 1 5 
.050 .5702 
• 060 .5533 
.070 .5394 
.080 .5278 
.090 .5179 
.100 .5093 
• 200 .4625 
.300 .4459 
.~OO .~41' 

.500 .4427 

.600 .4487 

.7(:,0 .4579 

.800 .4696 

.900 .4837 
1.000 .4998 
1.250 .5491 
1.500 .6114 
1.7S!t .6882 
2.000 .7818 
2.050 .8029 

m/nlol'k!1;-l 

.001 

.010 

.100 
1.COO 
2.000 
2.050 

Coefficients of Correlatins Eguations 

~ 

f!!. coefficient O'(coeffl. 

I 
.1454574343+01 .611-01 2 

:3 .1i201237072+00 .355-01 
4 • 'ZjIif;3168866-01 .109-01 

J. Phys. Chem. Ref. Data, Val. 8, No.4, 1979 

OJ a AGex/.To1<e -1 
~ 

.9619 .999948 

.9467 .999697 

.9394 • 999848 

.·9321 .999799 

.9261 .999750 

.. 9209 • 999701 

.9164 • 999653 

.9124 .999606 

.9088 • 99955e 

.9055 • 999511 

.8835 .999046 

.8710 • 998589 
• 8~0 .'liI'liI01;'C 
.8575 .997685 
.8537 • 997235 
.8510 • 996785 
.8493 • 996335 
,.8481 . • 995883 
.8475 .995430 
.8555 • 990796 
.8740 • 985928 
.e_. • 9S0e07 
.9208 • 975425 
.9463 • 969778 
.9728 • 963865 

1.0000 • 957683 
1.0279 • 951231 
1.0564 • 944507 
1.1300 • 926501 
1.2070 • 906783 
1.2874 • 885357 
1.3712 .862246 
1.3883 .857425 

.2:.W. ill!!rl !!.hl 
.C002 .0003 .001i;;; 
.0011 .0024- .0018 
.0035 .011:11 .0052 
.(1027 .0l.a4- .0062 
.0040 .0137 .0107 
.0045 .010-2 .0114 

coefficient 0' (coeff) 

.2249978466+01 

.5129329559+01 
-.87146628-47 100 

O'(eqs 1) .517-02 
a (eqs 2) '" .888-02 
a(eqs 3) .546-02 

.123+00 

.186+00 

.7'12-01 

-1" 
-2 • 
-3 • 
-5 • 
-6 • 
-8 • 

-10 • 
-12 • 
-15 • 
-17 • 
-45 • 
-78 • 

-llC • 
-156 • 
-199 • 
-244 • 
-291 • 
-339 • 
-388 • 
-932 • 

-1521 • 
-2127 .. 
-2735 • 
-3336 • 
-3925 • 
-4497 • 
-5049 • 
-5577 • 
-6781 • 
-7797 • 
-8604 • 
-9181. 
-9268. 

o;oeffl 0; ienl 

.7437321432+01 
-.7056917492+01 

_36953583113+nl 
-.7481810268+00 

" (",oeff) 

.275+00 

.681+00 

.587+00 

.170+00 
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Experimental Data Employed in Generation of Correlating Equations 

Kangro and Groeneveld [30]. Vapor pressure 
measurements. Assigned weight is zero. 

m/rnol'kg -I il298 • IS 

1 .. 001) 1.0402 
2.000 1.3401 
). 000 I. III IlZ 
4. 000 1.8015 
5.000 I. 9425 

Comments 

Stokes and Robinson [31]. Isopiestic 
measurements, reference salt is KC1. Assigned 
weight is 1.0. 

mlmol.kg -I 
°298.15 

.313200 .8755 

.362500 .SS5S 

.070000 .<;/'1'1'0 

.787600 .991, 
1.05(;000 1.0745 
1.309000 1.1464 
1.664000 1.2«;49 
1.723000 1.2729 
2.050000 1.3S91 

The isopiestic data of Stokes and Robinson [31] are preferred to the vapor pr~ssure measurements of 
Kangro and Groeneveld [30] and the old freezing point depression measurements of Biltz [38]. 

3.000 

.2.500 

2.000 

1.500 

1.000 

+ 
.500 

N 
+ 0 0 

A'x 
-.500 

-1.000 

-1.500 

-2.000 

-2.500 

-3.000 
.200 .400 .600 

Deviation Plot For liil vs molal ity 

A Kangro and Groeneveld 130], vapor pressure 

+ Stokes and Robinson 131], isopiestic vs KCI 

+ 

+ + 
+ 

+ + 

.800 1.000 1.200 1.400 1.600 1.800 2.000 
Molality/mol kg"' 

927 
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928 GOLDRI!RG, NUTTALL, AND STAPUi' 

Recommended Values for the mean activity and osmotic coefficient of NiC1 2 in H20 at 298.15 K 

m1mol.kg-1 y 0 a II Gex/J. kg-I 
'II 

.001 .8a90 .9f:26 .'5-;;<;948 -1 • 
• 002 .a517 .9498 .9'998'97 -lh 
.003 .e2ST • 9'110 .'!i'j~e47 -3 • 
.004 .e055 .9341 .999798 -4 • 
• 01)5 .7a87 .'9285 .<;<;<;749 -6 • 
• 006 .7744 • 9236 .<;99701 -e • 
.007 .7619 • 9194 .<;99652 -10 • 
.008 .7508 • 9157 .<;99604 -12 • 
.009 .740e • 912 • .<;'99556 -14 • 
• 010 • 7317 .909 • .999509 -16 • 
• 020 .6689 .8895 .999039 -43 • 
• 030 .6312 • a78S .9ge577 -76 • 
.040 .6047 .8715 • <;98118 -111 • 
.050 .5845 .8668 • 997660 -150 • 
.060 • S684 .ee36 .<;9720 • -191. 
.070 .5553 • 8613 .'9967.7 -23 •• 
.000 • 5'142 .e:;'!iiI'j/ ."''''0289 -279 • 
.090 .5348 • 8589 .9915831 -324 • 
.100 .5266 .8585 • <;95371 -372 • 
.200 .4818 • 8662 .990681 -887 • 
.300 .4659 • ee37 .98577 • -1445 • 
.... 00 .4619 • 9056 .980613 -2017 • 
.500 .4647 .9303 • 975175 -2590 • 
.600 .4725 .957i • 969439 -3154 • 
.700 • 4841 .SelSe .S63391 -3703 • 
.800 .4<100 1.0161 • 0015.,.010 _232 • 
.900 .5169 1.0477 • 9S0315 -4736 • 

1.000 .5378 1.0805 .9.3273 -5212. 
1.250 .6024 1.1670 .924190 -6263. 
1.500 • 6857 1.2580 .9030 •• -7087. 
1.750 • 7892 1.31517 .87S<;87 -7659 • 
2.000 .9150 1.4466 • 8552.7 -796;;' • 
2.250 1.0658 1.5411 .829113 -7987. 
2.500 1.24"'0 1.6338 .801912 -7725. 
2.750 1.41520 1.7238 .77.3986 -71715. 
3.000 1.6919 1.8100 .1415677 -6339. 
3.250 I.S650 h891!!! .717309 -5221. 
3.500 2.2723 1.9679 • 689178 -3830 • 
3.750 2.6137 2.0387 .E6:1540 -2173. 
4.000 2.98B5 2.103!'i .63461)"" -.:261. 
4.250 3.3950 2.1624 • eGB5"0 189 ... 
4.500 3.8315 2.2154 • 583"'153 "'280 • 
4.750 4.2955 2.2627 .filii9410 68815. 
5.000 •• 7S!5" 2.30"'8 • 536423 9696 • 
5. 060(lijat) 4.9067 2.3142 .1531061 10400. 
5.25(1 5.3001 2.3424 .e14463 12703. 
5.500 5.B401 2.3762 • 49345i3 15894. 
5.714 6.3247 2.4C28 •• 76139 18766 • 

m/mol'kg-1 
E..®.. ill!!r2. ll:rl 

.001 .0001 .0002 .0002 

.010 .0006 .001'" .0011 

.100 .Q1l,19 .OOGO .00:10 

leOOO .0014 .0073 .0039 
2.000 .0010 .0069 .0063 
5.000 .0017 .0071 .0338 
5.71. .0036 • C081 .O!U& 

J. Phy •. Chern. Ref. Data, Vol. B, No.4, 1979 



ACTIVITY AND OSMOTIC· COEFFICIENTS FOR AQUEOUS SOLUTIONS 

Coefficients of Correlating Equations 

.~ 

Par coeffi c i ent o koeff) 

1 .1696340541+01 .382-01 
2 .21ib]283620+00 .193-01 
3 .2060360886+00 .973-02 
4 -. 4083972677-01 .2i6-02 
5 .2383360533-02 .169-03 
6 

coeff it ient ,,(coeff) 

.2070223884+01 

.SbT5f03283+01 
-.T2'b3T67631+01 

. 118'1064'151+00 

o(eqs 1) .371-02 
a(eqs 2) - .4~4-02 
o(eqs 3) .372-02 

.395-01 

.590-01 

.311-01 

.554-02 

Experimental Data Employed in Generation of Correlating Equations 

coeff i c i ent 

.8914750111+01 
-. 1155991114+02 

. '§'li'OTT7696 5+01 
- . 'li2li'i"47 0999+0 1 

.9595911444+00 
-.8868857702-01 

a (coeff) 

.153+00 

.483+00 

.630+00 

.460+00 

.128+00 

.158-01 

929 

Dieterici [32). Vapor pressure measurments at 
D·C. Assigned weight is zero. These measurements 
were adjusted to 25·C using the ~L and ~C data given 
fnr NICl

l 
In thp t~hlp nf ~tJxil i~ry d~t~_ 

Robinson and Stokes [35). 
ments. reference salt is KC]' 

Isopiestic .measure­
Assigned weight is 1.0. 

-I 
m/mol·kg 

... <:141000 

2. (06000 
2.576000 

1.0410 

1.3620 
1.71520 

Jones et al. £33J. Free.zing point depression 
measurements. Assigned weight is zero. 

.037000 .9856 
.074100 .9098 
.H.9300 .9102 
.223800 • 9234 
.298400 .9368 
.374300 .95t:3 
.449400 .9622 
.S25700 .9844 
.75:3200 1.0574 
.812000 100510 
.915600 1.0944 

1.019700 1.1239 
1.548600 103183 
2.093500 1.5926 
2.656600 1.8993 
3.240100 1.93(:9 
3.82~500 2.0056 

Pearce and Eckstrom [34]. Vapor pressure 
measurements. Assigned weight is zero • 

• 1COOOO .8169 
.200000 .8281 
.4COOOO .ue ... ", 
.6eOOOO .9087 
.8COOOO .9598 

10 caoooo 1.0167 
1.5(0000 10 1742 
2. tCOOoo 1.3"'22 
2.5(00CO 105176 
3.aCOOOo 1.6969 
4.(CO:)00 2.0E43 
4.911600 2.4032 

m/mol·l<.g 
-1 

.iU .. 800 

.197500 

.215800 

.5313000 

.786400 

.9~3000 
1.212000 
1 •• 43000 
1.831000 
2.123000 

Shul'ts et a1. [36]. 
reference salt is NaCl. 

1.052100 
1.245300 
1.407200 
1.573500 
1.931400 
2.047400 
2.143700 
2.37."1"100 
2.503000 
2.E9!!300 
2.765300 

£1298.15 

.8549 

.8e38 

.8712 

.9~34 

1.0145 
1.0(:38 
1.1535 
1.2372 
1.3823 
1.4 ... (:2 

Isopiestic measurements, 
Assigned weight is 0.2 . 

1.0904 
1.1590 
1.2243 
1.2758 
1.4346 
1.4619 
1.5044 
1.5850 
1.6366 
1071E5 
107531 

Shul'ts et al. [36]. Isopiestic measurements. 
reference salt is Kel. Assigned weight is 0.2. 

1.052100 1.08E3 
1.245300 101542 
1.407~Og 1.2213 
1.573500 1.2788 
1.931400 1.4234 

J. Phy •. Ch.m, R.I. Oat., Vol. a, No.4, 1979 
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ShuJ'ts et a1. [36]. 
Isopiestic measurements, 
reference salt is CaCI

2
. 

Assigned weight is 0.2. 

m/mol·ks 
-1 

°298.15 

2.503000 1.6238 
2.e9!:300 1.7004 
2.765300 1.7367 
2.843000 1.7!:47 
3.101400 1.8382 
3.519300 1.97(:8 
3.937500 2.0765 
4.321700 ~.le9,? 

4.539500 ", • .2147 
4.920300 2.2914 

Comments 

GOLDBERG, NUTTALL, AND STAPLES 

Shul'ts et al. [36]. 150-

piestic measurements, reference 
salt is NH 4CI. Assigned weight 
is 0.2. 

m/mol·kg -1 
°298.15 

1.052100 1.0940 
1.245300 1.1773 
1.4C7200 102353 
I.S7:3500 1.2922 
1.931400 1.4274 
2.047400 1.4706 
2.143700 1.5085 
2.:=!74400 1.5892 
2.503000 1.6339 
2.e9!!300 1.7130 
2.765300 1.7460 

Stokes (37]. Isopiestic 
measurements, reference salt 
is CaCI 2 . Assigned weight is 
1.0. 

m/mol·kg 
-1 

0298.15 

1. f34000 103014 
2.479000 1.6239 
2.4~6000 1.62e4 
2.660000 1.6881 
3.073000 1.8320 
;3. 7250 00 ",.0.:33.2 
3.941000 2.0899 
4.217000 .2.1561 
4.422COO 2.2036 
..... 567000 2.2.279 
4.595000 .2 • .2304 
4- ... 26000 2.29!!1 
5.714000 ;;;:.4028 

The most rei iable data for this system appear to be the isopiestic data of Robinson 'and Stokes [35] and 
of Stoke. [37] whic.l, d'" ",ure precIse than the isoplestic data of Shul'ts et a!. l3bJ. which 'are, nevertheless, 
in good agreement with the results of the former workers. The freezing point depression measurements of Jones 
et 031. [33] and of Biltz [38] are not very accurate and wer,e given zero weight. Again, trusting the isopiestic 
data, we have given zero weight to the vapor pressure measurements of Pearce and Eckstrom [34] and of Dieteric; 
[32]. The emf measurements of Ha~s and Jell ineek [391 involve unknown 1 ;quid junction rntpnti~ls and cannot bQ 
treated rigorously. 

3.000 ftt1''!'1't,. ,.,. '!' '!' , 
~ _:11 f _4_ 

2.500 

" 
2.000 

)!; 

1.500 
)<: 

)!;)!; :;;: 
1.000 

)!; )!; Jl( 
ll).' 

.500 
)( 

* 
N ¢> ¢> ¢>¢> Z~ Y lIE 
4-

'"" 
)()<: * lIE );: 

0 0 
"'--

~ l:o: Y 
)K 

<1>< ¢> Z " :;;:* * ,<t> )!; ~ lIE 
-.500 r 

" 2lIE )IE Y 

I " y y 
-1.000 ~ " Z Z Y Y 

-1.500 

-2.000 

-2.500 

-3.000 y.LI9,.L~.L~HI!.L;-OII-J.._""*_-)l.J.~_-"'-~_ ..... --t-~_-,----;,-* __ ,--_-,-_-,,-_--, 
. 0 .50 1.00 1.50 2.00 2.50 3.00 

Molality/mol kg-' 
3.50 

npvi~tion Plot For NiCl 2 , ~~ V~ molelity 

Ii. Dieteriei, [3zr:--vapor pressure 

+ Jones et a 1. !331 , freezing point depression 

X Pearce and Eckstrom [34], vapor pressure 

<!> Robinson and Stokes [35] , isopiestic vs KC I 

~ Shul'ts et 031. [361. isopiestic vs NaCI 

,,~.~Y" Cltu" "", Datu, Vol. 8, No.4, 1979 

Z Shul'ts 

y Shul 'ts 

~ Shul'ts 

* Stokes 

4.00 4.50 5.00 5.50 6.00 

et al. !36J, isopiestic vs KCI 

et a I. [36J, isopiestie vs CaCJ Z 

et al. [36J, isopiestic vs NH4Cl 

(37], isopiestic vs CaCl 2 



ACTIVITY AND OSMOTIC COEFFICIENTS FOR AOUEOUS SOLUTIONS 031 

Recommended Values for the mean activity and osmotic coefficient of Ni (C10 4)2 in H20 at 298.15 K 

Coefficients of 

!!!.!.. 

1 
2 
3 
4 
5 
6 

m/mo1.kg -1 Y 0 a 
VI 

LlGex/J'kg -1 

.0:)1 ~8911 .·9637 .999C;48 
• 002 .8555 .9!S20 .999El97 
.003 .8310 • 9-440 .9C;9847 
.004 .8121 .9380 .9C;C;797 
• 005 .7966 .9331 .91:19748 
.006 • 7835 .9290 .SC;9699 
.OO? .7?~1 ·.92tie. • .999(;00 

.008 .7620 .9225 • C;C;9601 

.009 .7529 ."9199 .999553 
• 010 .7447 .9175 .999504 
• 020 .68C;8 .9::132 • 999024 
.030 .6581 .8<;68 .998547 
• 040 .6367 .8939 • 998069 
.050 .6211 • 8929 .SS7590 
.060 • 6092 .8931 .997108 
.07;) .5999 • .6941 .<;96623 
• 080 .5925 • 8C;57 .996135 
.09::1 .586«:0 •. 8 .. 78 • 995643 
.100 .5817 .9002 .'1>95147 
.200 • 5666 • 9:335 .989960 
.lIOO .67S9 .9743 .9S43.e7 

• 400 .6042 1.0186 .978220 
• 500 .6391 1.0656 • 971615 
.600 .e825 1.1149 • 964492 
.700 .7342 1.16e:4 • 956833 
.l3gg .7947 1.2199 .C;48621 
.900 .8649 1.2754 • 939846 

1.000 .9458 1.3329 • 930497 
1.250 1.2045 1.4843 • 904585 
1.500 1.5689 1.6462 .875064 
1.750 2.0833 1.8174 .842070 
2.000 2.8125 1.<;968 .805868 
2.250 3.8519. 2.18.32 • 766838 
2.500 5.3407 2.3754 • 725459 
?7!,;O 7.4822 .:2.5723 • 6S::'2S~ 

3.000 10.5726 2.772.6 .637915 
3.250 115.0408 2.97153 • 592974 
3.500 21.5051 .3.1789 .548079 
3.501 21.5454 3.1800 .547847 

l11'mol'kg 
-1 o(0}_ o(£ny} £l:rl 

.001 .00:)1 .0003 .0003 

.010 .0008 .0019 .0014 

.100 .0021 .0066 .0038 
1.000 .0015 .0074 .0070 
2.000 .0022 .0078 .0220 
3.501 .0045 .0084 .1816 

CorreIa t i n~ Eguations 

~ 

coefficient ,,(eocff) 

.2034414594+01 .534-01 

. b5i)4 3 7881 7+00 .219-01 

.2059946779+00 .114-01 
-. 1746069568-01 .193-02 

~ 

coefficient 

.2535082534+01 

.6357417713+01 
-. 26TIiT48959+0 1 

.9705i9I1ts01+00 
-.1677338781+00 

a(eqs 1) = .508-01 
. a(eqs 2) = .493-02 

a(eqs 3) = .478-02 

" (coeff) 

.156+00 

.456+00 

.521+00 

.2611+00 
• 493-01 

-1 • 
-? 
-3 • 
-4 • 
-6 • 
-8. 

-10 • 
-12 • 
-14 • 
-16 • 
-41 • 
-70 • 

-103 • 
-137 • 
-173 • 
-211 • 
-249 • 
-289 • 
-329 • 
-746 • 

-11(;;1: • 

-1554 • 
-1908 • 
-2.217 • 
-2475 • 
-2675. 
-2815 • 
-2890 • 
-2773 • 
-2.184. 
-1086. 

555. 
2768 • 
5577 • 
?004 • 

1306t>. 
17777 • 
23149. 
23178. 

i9.Ll 
c<>effir::ient 

.1161235347+02 
- . i9li371 5100+02 

.2i1i1i353725+02 
-. T3'iffi'ib8076 ... 0Z 

. 4639229414+0 1 
-.6546251526+00 

o !coeff} 

.322+00 

.131 +01 

.221 +01 

.183"'01 

.744+00 

.118+00 

J. Ph" •. Chltm. Ref. Dolo, Vol. 8, No.4, 1979 



932 GOLDBERG, NUTTALL, AND STAPLES 

experimental Data Employed in Generation of Correlating Equations 

Libus and Sadowska [40]. 
Isopiestic measurements, 
reference salt is KCI. Assigned 
weight is 1.0. 

. m/mol'kg~l 
°298.15 

.098100 .8936 

.103600 .0012 

.181800 .9289 

.195900 .9357 

.357800 • 9995 

.425500 1.0304 

.:;~52g0 .1.0040 

.568300 1.0965 

.585500 1.1047 

.73'9000 1.1855 
.7to8500 1.2055 
.89~000 1.2736 
.960700 1.:3084 
.985500 1.3276 

1.222100 1.4699 
1.235300 1.4782 
1.2974:)0 1.5117 
1.325300 1.53to5 
1.449700 1.6199 
1.556200· 1.6854 

Comments 

Libus and Sadowska [41], 
i sop i est i c measurements, 
reference salt is Mg(CI04)2' 
Assigned weight is 1.0. 

m/mol'kg 
~I 

°298.15 

2.363800 2.2750 
2.794700 ",.6136 
3.145300 2.8909 
3.501300 3.1774 

Libus and Sadowska [40], 
isopiestic measurements, ref~ 

erence salt is NaC104' Assigned 
weight is 1.0. 

m/mol'kg-
I 

°298.15 

1.701500 
l.895200 

1.7699 
1.9096 

Li I ich and Andreev ,[41] • 
Vapor pressure measurements. 
ASSigned weight is zero . 

m/mol'kg -I 
°298.15 

.291000 .9874 

.794000 1.1345 
1.229000 1.4244 
1.781000 1.7670 
2.434000 2.2446 
2.938000 2.6081 
3.394000 2.9470 

We prefer the isopiestic measurements of Libus and 5adowska [401 over the vapor pressure measurements of 
Lil ich and Andreev [41]. 

3.000 

2.500 

2.000 

1.500 

1.000 

... 
.500 + + ... 

"" "" "" .. 
N A A A -+ 
0 0 

~x "" A 

'" + ~ 

-.500 
A 

-1.000 
X 

-1.500 
X 

-2.000 

-2.500 

-3.000 .1 ..1 .1 • .1. ..L .1 

0 .400 .800 1.200 1.~ 2.000 
"o/a~ mol ki~1 

2.400 2.800 3.200 3.800 

Deviation Plot for Ni (CI04)2: 60 vs molal ity 

A Libus and Sadowska (40) , isopiestic 

+ Libus and Sadowska [40] • i:5opie5tlc 

J. Phy •. Chern. Ref. Data, Vol. 8, No.4, 1979 

vs 

vs 

KCI 

Mg(CI04J
Z 

Libus and Sadowska [40]. isopiestic vs NaCI0
4 

Lilich and Andreev [41]. vapor pressure 



ACTIVITY AND OSMOTIC COEFFICIENTS FOR AQUEOUS SOLUTIONS 

NiBr2 
Recommended Values for the mean activity and osmot ic coefficient of NiBr2 in H20 at 298.15 K 

m/mol'kg-1 
y 0 a lIGex/J'kg-1 

w 

.001 • 8895 .9628 .999948 -1 • 

.002 .8526 .9504 • 999897 -2 • 

.003 .8271 .9418 .9":il9t147 -3 • 

.00'"" .8072 .9352 • 999798 -4 • 

.005 .7909 .9298 • 999749 -6 • 

.006 .7769 .9252 • 999700 -8 • 

.007 .7647 • 9212 • 999652 -10 • 

.008 '.7539 .9177 • 999603 -12 • 
• 009 .7442 .9146 .999555 -14. 
• 010 .7354 .9118 .999507 -16 • 
• 020 .6752 .8938 .999034 -43 • 
.030 .6396 .8846 • 998567 -74 • 
.040 .6149 .8793 • 998101 -109 • 
• 050 .5965 .8762 • 997635 -146 • 
• 060 .5821 .8745 .997168 -185. 
.070 .5705 .8738 • 996700 -226 • 
.080 .5610 .8738 .9.96229 -209. 
.090 .5530 .8743 • 995756 -312 • 
.100 .5463 .8752 • 995281 -357 • 
.200 .5144 • 8961 .990360 -834 • 
.300 .5108 .9257 • 985102 -1333 • 
.400 .5192 .9590 • 979481 -1828 • 
.500 .5352 .9946 • 973480 -2305 • 
.600 .5569 1.0321 • 967086 -2755 • 
.700 .S836 1.0711 • 960289 -3173 • 
• coo .6161 1.1116 .963080 -lil666 • 
• 900 .6513 1'.1532 .945453 -3895 • 

1.000 .6924 1.1961 .937403 -4192 • 
1.250 • 8188 1.3080 • 915423 -4722 • 
1.500 .9846 1.425~ .890834 -4925 • 
1.750 1.1994 1.5485 • a63761 -4772. 
2.000 1.4763 1.6747 .834414 -4242. 
2.250 1.13315 1.8034 .803078 -3318. 
2.500 2.2854 1.9335 .770095 -1988. 
2.750 2.8628 2.0637 .735858 -243 • 
3.000 3.5936 2.1929 • 700783 1924. 
3.250 4.5121 2.3200 .665305 4514 • 
3.500 5.6571 2.4438 • 629854 7526. 
3.750 7.0702 2.5630 • 594842 10956 • 
".,000 •• "1911S a.6"166 .560666 14"196. 
4.250 10.8661 2.7834 .527645 19036. 
4 _ SOO 13.3180 2.8821 .496116 23661. 
4.693 15.4806 2.9520 _472957 27486. 

m/mol.kg-1 
~ cr(R,ny) .£.W.. 

.001 .0001 .0001 .0001 

.010 .0004 .0008 .0006 

.100 .0011 .0031 .0017 
1.000 .0008 .00"" .0028 

2.000 .0009 .0038 .0056 
•• 693 .0027 .00.5 .0696 

J. Phy •. Chem. Ref. Dala, Vol. 8, No.4, 1979 
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Coefficients of Correlating Equations 

f!!:. coeffl c i ent o (coeff) 

I .1754027013 ... 0\ .210-01 
2 .5i0'2956934+00 .857-02 
3 • TliBT7565 15+00 .321-02 
4 - .1697362496-01 .399-03 
5 
6 

GOLDBERG, NUTTALL, AND STAPLES 

coeff i c lent 

.1839111459·01 

.7512801735+01 
-.46T3b41655+01 

. 1927238658+01 
-.5472702726+00 

.6228601:;121-01 

o(eqs I) .341-02 
o(eqs 2) .335-02 
cr(eqs ) - .~O)·02 

a (coeff) 

.11;0.00 
.558+00 
.799+00 
.568+00 
.198+00 
.271-01 

Experimental Data Employed in Generation of Correlating Equations 

Libu~ .. t al. [50a1. l&opie~tic me~.urQment$, Li bu. et a 1. 
reference salt is Mg(CIO")2' Assigned weight Is 1.0. reference salt is 

mref/mo I-kg 
-I 

mlmol-kg 
-I 

°298.15 mref/mol'kg 
-I 

1.499 1.631000 1.4885 0.2595 
1.509 1.644000 1.4924 0.3101 
1.821 1.994000 1.6730 0.3194 
1.828 2.004000 1.6754 0.3626 
2.073 2.281000 1.8229 0.4860 
2.080 2.2'9::3000 1.8239 0.516 
2.403 2.669000 2.0·179 0.689 
2.653 2.959000 2.1730 0.761 
2.865 3.215000 2.2990 0.933 
3.C74 3.458000 2.4309 0.934 
3.077 3. 46600() 2.4296 1.104 
3.08" 3.479000 2.4306 1.113 
3.235 3.659000 2.52.2.8 1.325 
3.241 3.671000 2.5231 1.371 
3.394 3.859000 2.6125 1.511 
3.630 4.485000 2.8674 1.834 
3.876 4.693000 2.9589 2.085 

2.635 
2.648 
3.418 
3.446 
3.485 
4.084 
4.100 

J. PhYI. Chern. R.f. Dola, Vol. 8, No.4, 1979 

coeff i cient o(coeff) 

.193+1)Q 

.671+00 

.961+00 
.684+00 
.239+00 
.,z6-01 

[50a1. Isopiestic rl"le'at;urp~"tc;" 

KC\. Assigned weight is 1.0. 

m/rnol'kg 
-I 
~ 

.175900 .8938 

.208100 .9000 

.213800 .9019 

.241000 .• 9065 

.314000 .9290 

.331800 .9329 

.426300 .9675 

.463500 .9825 

.551000 1.0135 

.551000 1.0146 

.633000 1.0451 

.638000 1.0454 

.736000 1.0815 

.756000 1.0901 

.815000 1.1168 

.944000 1.1773 
1.0440()0 1.2167 
1.245000 1.3072 
1.251000 1.3076 
1.510000 1.4298 
1.519000 1.4342 
1.533000 1.4389 
1.715000 1.5359 
1.720000 1.5382 
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Comments 

In a recent, careful study. Libu5 et al. [SOa1 performed isopiestic mPasur~rnPnt~ on NiRr
Z 

Unfortunately, 
in their data tables. there exists an erroneous setting of the columns for the data for NiBr2 and CUBrZ' The 
correct [SOb) experimental data for this system is given above along with the calculated osmotic coefficients. 

3.000 

2.500 

2.000 

1.500 

1.000 

.500 + + + 
N .. +t. + + + 
"" 0 

++T T T T<!> ..... + <IX 
+i!A + '* -.500 

-1.000 

-1.500 

-2.000 

-2.500 

-3.000 
() .50 U)Q \.SO 

Deviation Plot f9r NiBr2: 6~ vs molality 

• Libus et al. [50a). isopiestic vs Mg{CI0/f)2 

+ Libus et al. [50a). isopiestic vs KC) 

JA 

i!A 
i!A i!A 
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i!A i!A 
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Reco~mended Values for the mean activity and osmotic coefficient of Ni(N0 3)2 In H20 at Z~8. 15 K" 

m/mol'kg-1 
y 0 a 

'" 
AGex/J'kg-1 

.001 • 8886 .9623 .<;99948 -1 • 

.002 .S510 .9495 .'!i'!i'!iS'!i7 -z. 
.003 • 8248 .9405 .9';9848 -:3 • 
• 004 .8Q43 .9:335 .!ii<;9798 -4 • 
.005 .7874 .9277 • 999749 -6 • 
.C06 .7729 • 9228 .'i'S!ii701 -8 • 
.007 .7603 .9185 .999E53 -10 • 
.008 .7490 .9147 • <;<Ji!ii605 -12. 
.009 .7389 .9113 • 999557 -14 • 
.010 .7297 .9083 • <;'S<;509 -17 • 
.020 • 6662 .8&70::> • 9'!J9041 -44 • 
.03,) .6281 .8768 • <;98579 -76 • 
.040 .6015 • 8699 .998121 -113 • 
.050 .5813 .8E1:3 • 'SS7664 -152 • 
.060 • 5653 .8623 .<;97208 -193 • 
.aro .!:>tl4!c .~eo;:l • '!i",07iOl -2:30 • 
.080 .5413 .859J .996293 -281. 
.090 • 5321 .8585 • <;'S5833 -328 • 
.100 .5241 .8583 • 995372 -375 • 
.200 .4814 .8691 • 9<;0649 -893 • 
.300 • 4672 .8888 .985692 -1450 • 
.400 • 4643 .9114 .CJi80489 -2019 • 
.500 .4675 .9354 • 975039 -2587 • 
.600 .4746 • 9602 .<;69343 -3148 • 
.700 .4!!47 .9855 • <;163401 -3694 • 
.800 .4973 1.0113 • CJi57216 -4224 • 
.900 .511<;1 1.0375 • 950788 -4733 • 

1.000 .5284 1.0639 • 944120 -5219 • 
10250 .5777 1.1316 • 926403 -6324 • 
1.500 .6382 1.2011 .907215 -7253. 
1.750 .7110 1.2727 • 886589 -7989 • 
2.000 .7975 1.3463 • 864570 -8517 • 
2.250 .8C;98 1.4219 .841210 -8826. 
2.500 1.0209 1.4<;197 • 816578 -8906 • 
2.750 1.1641 1.5796 • 790751 -8746 • 
3.000 1.3337 1.6617 • 763820 -8338 • 
3.250 1.5349 1.7459 • 735889 -7673 • 
3.500 1.7743 1.8324 • 7C7070 -6742 • 
3.750 2.0597 1.9211 • 677487 -5538 • 
4.000 2.4010 2.0121 • 647273 -4053 • 
4.250 2.8101 2.1053 .616568 -2279. 
4.500 3.3022 2.2008 • 585519 -208 • 
4.623 3.5802 2.2486 .~701e3 921. 

m!mol'kil-1 
£ill. ~ rtil 

.001 .0003 .0006 .OOO~ 

.010 .0019 .0042 .0030 

.100 .0063 .0177 .0093 
1.000 .0044 .0271 .0143 
2.000 .0053 .0240 .0191 
4.623 .0392 .0621 .2225 

J. PhV" Chem. Ref. Data, Vol. 8, No.4, 1979 



".' . 

. . ':1: OOl~OO~' .' 
·1~.·969000 

.. r. .... ,,', 

-. . . . 

,>~. 2S31i40~j78+O i .....•....•... 8
9
. ·.61.S3-_· ..•. 00·.il· -.:.: ....... ~.,;, .....•.. " ..... . . :.' .)i'j311fz134 3+01 .' .. 

" .... ;590618.9949.+00 . · ..• ~O?cQl.i; .. ' 
,- . 

~'·:·F .. : ~.::~,~ .. 

. '.: ;~'l~·~:~:'··~.~':i::: t:~;=~::,. '.' 
. .~( ~q~ ~3);.·;:o~J:~0"'~li": 

'. "~( -;" ~':'.\ . 
" :.. 

." -:-.;. 

.oseo.oo. 
. ·;;'075000' 

~:' ~l'Q 0000 .: ... 
.'; ,125000' .. 

a 1. [4il. '1 sop i est j~.~easil~eine~tS; 
.r' .. JF"T'e~,clil sal t.;";",,,..;ot ":pec;~ H~d :by the~,,:wo .. k"'~"; 

. ':A!;S:lg(1~(I: •• w~~j.ght/s ~~r~. . . 

" .. ~150000.:: 
.,1.7.500.0 . 
.. 20COO.0 .,. 

:. ,2.25000" . 
asoooo' . 

. :.275000'. 

./.:.3COOO~ 

. .•. 9~53 ... ' 

',:,:~r;; 
.918.0' 
•. 91,~.O, 
,90'11 ' . 
• SSO:3 . 
.a8~7; .. 

, .:ass" 
, ',8~:06 
~:e93S 

• .".0. 

j.; ;-: 

'~7"OOO(l, 
:.8$j;iioo 

.1 .OSo·ooq· 

;~298~ i,S" 
. '. '1.'~i~o· 

~.0220 
l.Of,oO 

, . ' ~. " ... :.". ... . .-

. Ryabov ~t·aL[44].. is'opiest l~ measurements. 
" .•. ;referencesa It was\ not ~peCi fied by these. workers, 

>.:~. 
e. ,', -, . "~, 

;.,;'" ····::·:t/··;·:c;.'\·:· ' .. 
'.',: ··zv;.. 
'~~"" .. 

. i".. 2296G 0 . 
"f~29iooo . 
.~.;i'~Ii1?~~O . 

'. ;1' .a1:S0·00"·: 
';.2.553000 
·2~7070.00 
.<5,~$1:l900,;. 

'. ·;:1~OS50 . 
'1.'1470' 

. ,.1~12.60' 
"" '1·.,1 $30" 

1.,34:;'0. 
. ·i.3900.'· 

'. ·1.6f>9.0 •... 

> ", i:'~::jorie";;:·e t· '~1:~133 1, ". 'I" reezirig ;~6int'd~p~~s siori .' 
;measure.mentS,>PLa:nd<l!c:!'Iat;aforNiC1Yir!Ei!re used.', 
:,'ii:itr.e.a~lriQ these measiJr.einents; 'Ass j'gned we j·ght 

·:Js:zero. '. '.. . . 
-:"'. ~~ " 
?'< ;~ 

;. ~ ,': . 
;'>'0 

'.' ':.;.';:' '-1 
.. ,m/mol' kg· 

.', '-.": 

:~076~OO 
. ,·is:310Q 
·,.3080-0.0 

.~;~~:u;.··' 
''';025025 

.0f.!OQ96 
..• 0:7.!52).~ 
': .. 100380 
~.2e2~20 

.• 87$!S. 
,866'1 .. 

.• 81'32 

.',n42 

.9239 

.8816 

.,863'7 

.8753 

.8.740 

. ;;.Ass.jgnedw~j9ht' Is .1 .0,. .' 
'.,' ' .. ! .,.,: ..... ' ,', -'1' . 

m/niOl·k~.· .... 

"::"" i' • :: • 

;,.~27~OO .' 
.. 3'19200.' 
.485500 
• 6}:S800· .. 
.684600 
• '7~oooo. 
079.92.00 . 

.... 97,O'~OO 
. 1,144800 
'1,.2<;0800 
1.489~OO 
i.7017(10 

1.93390° 
. 2,..1·C~6(),Q . 
:2.1'.1'8500 
2.292900 
2.'332000, 

'2'~390300 
2.691.600 

':2 .. -91lIS0'O·' . 
31'39.8000 

0/,' 

·.suo 
· .• ·8809, 
~947.8 
.9~24 • 
.9833 

1.007·:; . 
1,0'075 
1~()447" 
i.06iu· ••.. 

. '1.,1453-
i.:i9?7 
1.2:s~e 
1'.313.0 
1 .•. 3807: 
1037'7.6 

'1.4E98 
1.4:360. 

.. ' .i-.4723·, 
.i.S7:·i-a 
1 ~~.~?~; 
1,.7''167,: 



938 GOLDBERG, NUTTALL, AND STAPLES 

Yakimov and Guzhavina [45]. Vapor pressure 
measurements. Assigned weight is zero. 

Comments 

mlmol'kg-
I 

0298.15 

4.t:23000 
4.276000 
4.020000 
3.685000 
3.277000 
2.969000 
2.e;02000 

2 • .284000 
1.787000 
1.27,,000 

2."008 
2.2605 
2.13!3 
2.0099 
1.aSe7 
1.7674 
1.60ES 
1.4509 
1.2758 
1.1148 

There is an unusally large amount of scatter for .Ni (NO , )2 system and we have relied entirely on the isopiestic 
results of Ryabov et al [44), who, unfortunately neither gave their experimental measurements nor did they 
state the reference electrolyte they used. The vapor pressure data of Yakimov and Guzhavina [45] scatter 
about the isopiestic data as do most of the freezing point depression data (33,43.14]. A more carefully 
documented isopiestic investigation would be of value here. 

3.000 - ... .... -
2.500 + 

2.000 
;;: 

Z Y 

1.500 
,*'.$< Z 

Z Z 1.000 '.$< 

~ Z 
.500 ¢X '.$< + 

N Z Z Z Z oj. 
0 0 

$.-
Z <IX 

-.500 <!:> 2+- z 
L-

y 

-1.000 
Z Z Z 

Z 
-l.!:>OO 

X + 
-2.000 

y 
-2.500 

-3.000 1 .. 1 1 11 .1 1 

0 .50 1.00 1.50 2.00 2.50 
Molality/mol kg-' 

Deviation Plot For Ni 110 Vs mol;J1 i ty 

Dieterici [,21. vapor pr"~~'Jr<? 

+ Frolov et al. [42], isopiestic vs 

X Jones et aJ. [33], freezing point depression 

<!> Jones and Pearce [431. freezing point deprp.~<inn 

~ King et a1. [14]. freezing point depression 

Z Ryabov et al. [44], isopiestic vs ? 

Y Yakimov and Guzhavina [451, vapor pressure 
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-t. -t. .'l. .'l. . ..t. .,t, 

Z 

Z 

I 

3.00 3.50 4.00 4.50 5.00 
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CoCI2 
R.ecommended V"lu"" for the. moan activity ~nd oc;rnotic r:nFl!fficilP.nt of COC1

Z in HzO at 298.15 K 

m/molokg-1 
y r/J a llGex/Jokg-1 

~ 

• 001 .8891 .0;!;2E .9<;;9948 -1 • 
,002 ,8519 .9EO:) .;<;9897 -2. 
• G03 .8260 .9412 .9Sge47 -:: . 
• 004 .8059 .9343 .C;<;97'\l8 -4 • 
.005 • 7892 .9287 .999749 -6 • 
• 006 ,7750 .9239 ,<;<;9700 -S • 
.007 .7625 .9198 • g996E2 -10 • 
,DOS • 7514 .91El .<;;0;9604- -12 • 
.009 • 7415 .91 .. e .999556 -14 • 
.010 .7324 .o;o<;e • <;C;C;508 -16 • 
.OZO • C700 .e9Ql • ., .. 90;;le -4;:: • 

.030 .t325 • e7 C;:3 .<;ge575 -75 • 
.040 .6061 .e724 • <;98116 -111 • 
.050 '5860 ,et77 • <;'57658 -150 • 
• 060 .5700 .8f45 .9<;7200 -190 • 
.070 • 5569 ,.e62.3 .S96743 -233 • 
.Oeo .5459 .8608 .9<;62135 -~77. 

• 090· .5'365 .SE99 .'5'!;S826 -:323 • 
.100 .5284 .e594 • 995366 -370 • 
• :aoo .48::34 .8",£6 .900676 -893 • 

.300 .4671 .SS34 .9E5778 -1438 • 

.400 .4626 • 9044 .<;le0638 -2009 • 

.500 .46~8 • 9281 .975232 -25S!. 

.60Q ,4718 .'ilE3S ,9E9544 -3146. 

.700 .4S24 .9812 .9(;3560 -3697 • 

.SOO .4962 1.0100 • li57270 -4229. 

.900 .512e 1.0400 .9!0671 -4738, 
i.ooo .5320 1.e710 .<;4.3759 -5221, 
1.250 .5912 1.1519 .925128 -6299. 
1.51)0 .ff59 1.2359 • 9041.:62 ';'7167 • 
1.750 .7566 1.3209 • S82560 -7806 • 
2.000 .8f3~ 1. 4 O!:l • e59093 -8201. 
2.250 .geS2 i.4670 .834581 -8348 • 
2.500 1.1295 1.5f'E~ • .!le~"68 -8246. 
2.750 1.2877 1.6390 .7E3799 -7897. 
3.000 1,4f17 1.7072 .758203 -7308. 
3.250 106501 1.7693 .732874 -6489 • 
3.500 l.SSOe 1.e2!:0 • 708064 -5450. 
3.750 :::.0614 1.e741 .683973 -4204 • 
4.000 2.2794 l,liltS • 660743 -2765. 
4.118 2.3840 1.9348 .65~11l -20~2. 

mlmolokg-1 £ill ~ ~ 
.001 .0002 .0004 .0003 
.010 .0011 .0025 .0018 
.100 .0029 .0090 .0048 

1.ilt\O .ftft::l .OOQ,. .n05? 
2.000 • ·J022 .0103 .0089 
4.118 .0058 .0120 .0287 

Coefficients of Correlatins Eguations 

!9!.J.. 
Par coefficient a (coeff) 

1 .1724803367+01 .696-01 
2 .2257683320+00 .471-01 
3 .2103460579+00 .328-01 
4 -. m2062356-0 1 .103-01 
5 .3238217201-02 .113-02 

Eqs 2 

coefficient 

.2034073132+01 

.5710716949+01 
- • T31i'§"S"83870+0 1 

• 1341i546927+00 

a(eqs I) = .875-02 
a(eqs 2) .997-02 
n(eq~ 3) •. 948-02 

a (coeff) 

.773-01 

.142+01 

.911-01 

.196-01 

f.9.U.. 
coeff i c ient 

.8835017198+01 
- . TT0241569 I +02 

.8190289847+01 
-.3023801793+01 

.4298568295+00 

(1 (coeff) 

.181+00 

.48&+00 
·507+00 
.235+00 
.402-01 

J. Phy •• Chem. Ref. Data, Vol. 8, Na. 4, 1979 
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Experimental Data Employed in Generation of Correlating Equations 

Isopiestic data of Downes (20). Reference salt 
is Cael 2. Assigned weight is 1.0. 

mlmol·kg 
-1 

1:'l29B.15 

I.S34tiOO 1.2483 
l.S15300 1.3412 
'Z.181700 1.4Cl21 
2.76l>000 1.6425 
3.0HlOOO 1.7198 
:1!.223800 1.7682 
:3.384800 1.8120 
3.451000 1.8243 
3.'1'<;10300 1.e'9S2 
4.117900 1.9606 

Isopiestic data of Downes [201. Reference salt 
IS Na~l. Assigned weight is 1.0. 

mlmol·kg 
-I 

1:'l298.15 
.6C9800 .9547 
.668000 .9707 
.74(:500 .9926 

1.33f:6ClO 1.1776 
1.539300 1.2448 
1.~34900 t.27QO 
1.7<;4800 1.3352 
1.<;92800 1.3985 
2.429100 1.5478 

Freezing point depression data of Hall and 
Harkins [46]. Assigned weight is 1.0. 

mlmol·kg 
-\ 

11298.15 

.001730 .9626 
.t020'90 .9508 
.008<;20 .9155 
.010080 .'9116 
.022510 .8e86 
.023750 .8891 
.054750 .8687 
.059730 .8680 
.125600 .8639 
.277200 .8938 
.421700 .9239 

Freezing point depression data of Jones and 
Getman [47]. Assigned weight is zero. 

-I m/molokg 

.063960 
.128200 
.192800 
.321400 
.450900 

"298.15 
.8993 
.8708 
.8700 
.9081 
.9573 

Freezing point depression data of Jones·and 
Pearce [43]' Assigned weight is zero. 

.010003 

.025010 

.OS0040 
.07::;0'5/0 

.100150 

.251000 
.e04300 

J. Phy •. Ch"m. Ref. Data, Val. 8, No.4, 1979 

"298.15 
1.1142 
.9913 
.9239 
.769;' 

.9026 

.9.235 

.9<;94 

Isopiestic data of Robinson \48]. Reference salt 
is KCl. Assigned weight is J.~. 

mlmol'kg- 1 
~29S.15 

.058710 .8438 
.128400 .84.6 
.224600 .8643 
.~41l>OD .8<5146 
.415000 .9086 
.501100 .9298 
.572900 .9450 
.632000 .9617 
.ee4600 .'97'96 

.810600 1.0106 
.90:3400 1.0369 

1.057000 100830 
1.106000 1.1013 
1.303000 1.1753 
1-416000 1.2070 
1.5COOOO 1.2288 
1.61200C 1.2769 
1.718000 1.3138 
2.084000 1.4560 

Isopiestic data of Robinson and Brown [49). 
Reference salt 15 CaC1

Z
' Assigned weight is \.0. 

mlmol'kg- 1 
eZ98.1S 

.33~100 .eegS 
.349200 .8930 
.e39800 1.022~ 

1.0;:;:000 1.0844 
1.235000 1.1505 
1.543000 1.2543 
1.0;70000 1.3931 
2.081000 1."306 
2.170000 1.45(:4 
2.473000 1.5452 
2.754000 1.6385 
2.794000 1.6538 
2.80;8000 1.673ti 
3.512000 1.8104 
3.687000 1.8f"" 
3.878000 1.8773 
4.0(:4000 1.9073 
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Corrrnents 

For CoCI 2• freezing point depression measurements have been reported by Biltz [38). Hall and Harkins [481. 
Jones et al 1,31. Jones and Getman [471. and Jones and Pearce [431. The old results of Biltz [381 are totally 
unreasonable and are not given above. The data sets of Jones and Getman [471 and Jones et al [33] appear 
to be identical. but none of Jones' results were given any weight. Only the careful measurements of Hall and 
Harkins [461. which were found to merge well with the isopiestic data. were found to be of any value from 
these various data sets based on freezing point depression measurements. I't should be noted that the various 
isopiestic measurements. based on these different reference salts. are in good agreement up to about 2.5 
mol·kg- I • but that at greater molalities the more recent results of Downes [20] differ systematically from 
the earl ier results of Robinson and Brown [49]. Downes [20] has noted that this systematic difference may be 
attributable. in part. to experimental difficulties with the analyses of the stock solutions. We have 
\·/cighted equ.:llly the results of Downes [211] and of Robinson and Brown [1191. It should be noted that the 
freezing point depression data of Hall and Harkins [46], even though given unit weight, differ systematically 
from our final fIt. This i5 attrIbutable to two constraints Imposed durIng the fItting process: (a) that the 
limitIng slope be given byOebye-Huckel theory and (b) the large amount of isopiestic data that also must be 
accomodated. 

N 
-+ 
o 

&.­
<IX 

3.000 
_ .4. 

'-.4. 

2.500 

2.000 II) 

1.500 X X 

1.000 
~ 

o "f ~+z 

.soo :.,X~ 
~ 7 2 
'" zZ V 

-.500 Z 
Z 

-1.000 

-1.500 2 

-2.000 Z 

-2.500 

.800 

Y 

z 
z 

Y 
Z 

L 

+ 

Z 

YZZ 

4> 

+ 
"i. yY 

+ + 
Z 

4> 

4> 
4> 

+ 
4> 

V 

4> 
Y 

Y 
Y 

Y 

Y 

Y 
Y Y 

1.200 1.600 2.000 2.400 2.800 3.200 3.600 4.000 
t.4olality/mol kg-' 

Deviation Plot .For CoCI 2: AI! vs molality 

A Downes [201. isopiestic vs CaCI 2 

+ Downes [201. isopiestic vs NaCI 

X Hall and Harkins [46). freezin!l point depression 

~ Jones and Getman [47]. freezinq point depression 

~ Jones and Pearce [431- freezina point depression 

Z Robinson [48] • i sop i es tic vs KC 1 

Y Robinson and Brown [49] • isopiestic vs CaCI 2 
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Co(CI04) 2 
Recommenqed Values for the mean activity and osmotic coefficient of CO(CI04J2 in H20 at z~8.15 ~ 

mimol'kg-l 

.001 
• 002 
• OO! 
• 004 
• 005 
• 006 
• 007 
• 008 
• 009 
• 010 
• 020 
• 031) 
• 040 
• 050 
• 060 
• 070 
• 0&0 
• 090 
• 100 
• 200 
• 300 
• 400 
• 500 
• 600 
• 700 
• 800 
• 900 

1.000 
1.250 
1.500 
1.750 
2.000 
2.:I!60 
2.500 
2.150 
3.000 
3.250 
~.ooo 

3.514 

Coefficients of Correlating Equations 

I 
2 
3 
4 
5 
6 
7 

coefficient 

.2069877024+01 
• m0962889+00 
• '2l5S[219562+00 

-.1952381040-01 

o (coeff) 

.573-01 
.216-01 
.109-01 
.182-02 

J. Phys. Chem. Ref. Doto, Vol. 8, No.4, 1979 

alil13 
.8558 
.8315 
.8127 
.7973 
.7843 
.7729 
.762Sl 
.7539 
.7458 
.6914 
.6602 
.6391 
.623& 
.6122 
.6031 
.5959 
.5901 
.:)CCl:> 

.5719 

.5855 

.6123 

.e487 

.6938 

.7474 

.8101 

.8827 

.9663 
1.2336 
1.6094 
2.1386 
2.8863 
3.'l146G 
5.4560 
7.6087 

10.6829 
15.0710 
Zl • .3Z21 
21.7566 

llil'mol.!!:s-l 

.001 

.010 

.100 
1.000 
2.000 
3.514 

.9638 

.9521 

.9443 
.!ii383 
.9;::135 
.9295 
.9261 
.9231 
.Cl2l)!!!i 

.9182 

.9042 

.8'981 

.a954 

.894Ci 

.a950 

.8962 

.8<;79 
.9001 
.902C 
.93Ci8 
.9783 

1.0232 
1.0707 
1.1206 
1.1125 
1.2265 
1.2825 
1.,!403 
1.4924 
1.6544 
1.8251 
2.0032 
2.1074 
2.3763 
2.5687 
2.7633 
2.9585 
.3.U5;:JZ 
3.1e45 

~l 

.0001 

.0009 

.0022 

.0016 

.0020 

.0048 

coefficient 

a 
...Ill. 

.~91i1948 

.!iiS9897 

.999847 

.51997.97 

.9997~8 

.S99699 

.999650 

.999601 

.c;'IIQO!5!12 

.9S9504 
~!ii99023 
.998545 
.998066 
.997585 
.9>97102 
.996615 
.996125 
.<;95631 
.995134 
.989925 
.984264 
.978123 
.971480 
.964315 
.956610 
.948350 
.939524 
.930125 
.904094 
.874484 
.8·U458 
.805309 
.7c.c. ... :s 
.725366 
.682643 
.638885 
.694718 
.='50752 
.!S~8220 

2i&!!rl 

.0003 
.0020 
.0071 
.0082 
.0083 
.0092 

o (coeff) 

.167+00 

.486+00 

.554+00 

.281+00 

.526-01 

o(eqs 1) .517-02 
o(eqs 2)'= .527-02 
o(eqs 3) .1j96-02 

-1 • 
-2 • 
-3 • 

-" . 
-6 • 
-8 • 

-10 • 
-12 • 
-14 • 
-16 • 
-41 • 
-70 • 

-102 • 
-131f> • 
-172 • 
-209 • 
-247 • 
-286 • 
-326 • 
-737 • 

-1146 • 
-1528 • 
-1872 • 
-2169 • 
-2414 • 
-2601, • 
-2726. 
-2.785. 
-2626. 
-1991. 
-845. 

845. 
.:J1Olh 
5957. 
9419. 

13507. 
18230. 
23595. 
2.3926. 

£..hl 

.0003 

.0015 

.0041 

.0079 

.0239 

.1991 

f9.U 
coefficient 

.1374348933+02 
-.3"5'9bb38506+02 

.1i]B"!!'3O 5655+02 
-.~9078+O2 
.254194~831+02 

-.77117 831+01 
.9705587929+00 

(] (c.oeff) 

.868+00 

.462+01 

. 103+02 

.120+02 

.768+01 

.254+01 

.342+00 
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Experimental Data Employed in Generation of Correlating Equations 

Libus and Sadowska [40], is­
isopiestic measurements, refer­
ence salt is KCI. Assigned 
weight is J.~. 

-1 
m/mol'kg 0298.15 

.097200 .9019 

.110400 .9043 

.182000 .9279 

.195100 .9::396 

.424100 1.0338 

.56~400 1.1001 

.582800 1.1098 

.736400 1.1897 

.765300 1.2106 

.910400 1.2904 

.957000 1.3134 

.981100 1.3;:135 
1.07lHIOO 1.;'570 

1.217800 1.4751 
1.293900 1.5158 
1.321200 1.5412 
1.476000 1.6455 

Comments 

Libus and Sadowska [40], 
isopiestic measurements, 
reference salt is Mg(CI04)2' 
Assigned weight is 1.0. 

-I 
m/mol'kg 0298.15 

2.187700 2.1613 
2.410400 2.;:1;:;02 
:3.'''1'96700 2.6280 
:!I.057200 2.8245 
:!I.514500 3.1819 

Libus and Sadowska [40], 
isopiestic measurements, refer­
ence salt is NaC104' Assigned 
weight is 1.0. 

-I 
mlmol'kg 

1.69t:!!OO 
1.891500 

"298.15 

1.7735 
1.9201 

Lilich and Andreev [41]. 
Vapor pressure measurements. 
Assigned weight is Zero. 

mtmol'kg-
1 

D298.15 

.288800 .9956 

.782000 1.1529 
S.::uOOOO 1.4473 

1.752000 1.7958 
2.390000 2.2856 
2.891000 2.6505 
3.33.000 3.0002 

We prefer the isopiestic measurements of Libus and Sadowska [40] over the vapor pressure 
measurements of Lilich and Andreev [4)]. 

3.000 

2.500 

2.000 

1.500 

1.000 

4>- + 
.500 4 4 + 

('oj 
4 6-

AA + 
+ 6- + 0 0 Ib. 

s.~ 6-6- 6-<lX 6- 4>-
It>. 

4>--.500 X 
+ 

-1.000 

,-1.500 X 

-2.000 

-2.500 

~ 

-3.000 l. .I. 

0 .400 .800 1.200 ",.0 2iOOO 2.400 2.800 3.200 3.600 
Molulity mol kg-

Deviation Plot for Co(CI04)2: ~~ vs molal ity 

A Libus and Sadowska 1401. isopiestic vs KCl X LHbus and Sadowska [40] , isopiestic vs NaClO4 

+ Libus and Sadowska [40], isopiestic vs 119(CI04)2 ~ Lilich and Andreev [It I ], vapor pressure 
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COBr2 
Recommended Values for the mean activity and osmotic coefficient of CoBr2 in H20 at 298.15 K 

mlmal'kg-1 y III a IJ,.Cex/J'kg-1 
VI 

• 001 .8904 .963.3 .999948 -1 • 
.002 • 8541. .9512 .999897 -2 • 
.003 .8291 .9429 • 9998.47 -3 • 
.00 ... .0097 .9::U;'::; .'9'790 -... 
.005 • 7937 .93t4 .999748 -6 • 
• 006 .7801 .9270 • 999699 -8 • 
.007 .7683 • 9232 .999651 -'10 • 
.008 .7578 .9199 • 999602 -12 • 
.009 .7483 .9170 • 999554 -14, • 
.010 .7398 .9144 • 999506 -16 • 
.020 .681-6 .8976 • 999030 -42 • 
.030 .6471 .8891 .998559 -72 • 
• 040 .6233 .8842 • 998090 -106 • 
.050 .6054 .8813 .997621 -142 • 
• 060 .5914 .8797 .997151 -181. 
.070 .5801 .8790 • 996680 -220 • 
.080 .5707 .8789 • 996207 -262 • 
.090 .5629 .07'93 • '9'93732 -30+ • 
.100 .5562 .8800 • 995255 -347 • 
.200 .5235 .8979 • 990341 -811 • 
.300 .5181 .9241 • 985129 -1298 • 
.400 .5244 .9541 • 979585 -1783 • 
.500 .5383 .98(>9 • 973682 -2254 • 
.600 .5579 100220 • 967401 -2702 • 
.700 .• 5826 1.0591 • 960723 -3121 • 
.600 .6120 1.0960 • 9536:;16 -3504 • 
.900 .6461 1.1384 • 946132 -3850 • 

1.000 .6651 1.1802 • 938204 -4153 • 
1.250 .8054 1.2901 • 916535 -4709 • 
1.500 .9628 1.4056 .892301 ~4948. 
1.750 1.1650 1.5246 • 865701 -4842 • 
2. 000 1.4214 1.6458 • 637,029 -4375 • 
2.250 1.7435 1.76(>9 • 606650 -3532 • 
2.500 2.1441 1.886,7 • 774973 -2306 • 
2.750 2.6377 2.0039 • 742423 -695 • 
3.000 3.2402 2.1174 .709419 1300. 
3.250 3.9679 2.2262 • 676355 3674 • 
3.500 4.8378 2.3297 .643587 6422. 
3.750 5.6665 2.4274 • 611417 9533 • 
4.000 7.0703 2.5190 • 580092 12997 • 
4.250 6.4647 2.6043 • 549800 16602 • 
4.500 10.0648 2.6635 • 520(>67 20935 • 
4.750 11.8861 2.7568 • 492764 25383 • 
5.000 13.9461 2.8248 • 466107 30135 • 
5.250 16.2662 2.8881 .440665 35178. 
5. 44S<sat1r 8.2746 2.9348 • 421618 39308 • 
5.500 18.8753 2.9476 • 416365 40503 • 

5.672 20.8589 2.9870 • 400254 44325 • 

m/mal'kg-1 
£00.. o (.i.nx) £.ill 

.001 .0004 .0009 .0008 

.010 .0025 .0056 .0042 

.100 .0065 .0202 .0112 

1.000 .0049 .0220 .0151 
2.000 .0044 .0215 .0306 
5.000 .0080 ,.0217 .3024 
5.672 .0'60 .0289 .0020 
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Coefficients of Correlatin2 Eguations 

~ 

Par coeff i ci ent a (coeff} 

I ·m7945402+01 .159+00 
2 • 3 06771568+00 .715-01 
3 .2399520593+00 .382-01 
4 - .'li62'3972375-01 .885-02 
5 .2694683656-02 • 717-03 

~ 

coeff i c ient 

.2498602848+01 
• 52553'13068+0 I 

-.1067261033+01 
.8385252431-01 

O(eqs 1) 
c(eqs 2) 
c(eqs 3) 

.168-01 

.172-01 

.170-01 

a(coeff) 

.990-01 

.158+00 

.877-01 

.163-01 

~ 

coe ff i c i en t a (coeff) 

.8642748306+01 .25,4+00 
-.9636782913+0 I .599+00 

• 6489740636+0 I .543+00 
- .Ii3STli"]480+01 .217+00 

.2678063229+00 .320-01 

Experimental Data Employed in Generation of Correlating Equations 

Libu~ et OIl. [5001]. Reference salt is KCl. 
A~~ignGd WQight i~ 1.0. 

-I 
m/rrol'kg 

.179000 
• <:4'''00 
.244700 
.317700 
.403500 
.442500 
.555000 
.637000 
.642000 
.740000 
• 75CXlOO 

.893000 

.967000 
1.089000 
1.248000 
~ • :i:i .. o 00 

Libus et OIl. [5001]. 
Assigned weight is 1.0. 

-\ 
m/mol'kg 

1.741000 
1.983000 
2.022000 
2.0310(10 
2.316000 
e.;teeooo 
2.608000 
2.989000 
3.306000 
3.575000 
3.581000 
3.589000 
3.801000 
3.813000 
4.012000 
4.352000 
4.718000 
4.977000 

"298.15 
.8909 
_9060 

.8998 

.9217 

.9572 

.9685 
1.0073 
1.0385 
1.0389 
1.0756 
1.0858 
1.1373 
i.16S5 
1.2152 
1.2834 
1.4019 

Reference salt is Mg(CI04)2' 

1.5141 
1.6347 
1.6498 
1.6531 
1.7953 
1.7965 

1.9301 
2.1046 
2.2287 
2.3513 
;'( • .:st>lO 

2.3561 
2.4286 
2.4292 
2.5129 
2.6210 
2.7258 
2.7900 

Robinson, McCoach and Lim [SIJ. Reference 
~I~rtrolyta is CaBr

Z
' Assigned weight is 1.0. 

m/mol'kg-
I 

" ...ill.=..!i 
.159300 

.343500 

.550300 

.749100 
1.068000 
1.658000 
2.085000 
2.446000 
2.694000 
3.107000 
3.516000 
3.768000 
3.930000 
4.589000 
5.672000 

.see7 

.9413 
1.0099 
1.0856 
1.2193 
1.5028 
1.7051 
1.8756 
1.9840 
2.1718 
2.3659 
2.4717 
2.5363 
2.7586 
2.Q955 
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Comments 

There is a fair amount of scatter in the data for this system. A part of it may be attributable to the 
uncertainties in the data for the reference salts, particularly in the data for CaBr2 , the reference salt used 
by Robinson et al. ISll . 

. 0500 
X 

.0450 
X 

.0400 
X 

.0350 

.0300 X 

.0250 

.0200 
X 

X 
.0150 X 

.0100 X X X X 

.0050 X X A> X 

0 
<\..dA> A> 

~ ~ 
... 

A> + + -.00::;0 A> + * A> + + + 

* -.0100 A> + 
-.0150 + + -.0.200 + + + 
-.0250 

-.0300 + 
-.0350 

-.0400 

-.0450 

-.0500 
0 .50 1.00 1.50 2.00 2.50 3.00 3.50 

t,Aololity!mol kef' 
4.00 4.50 5.00 5.50 6.00 

Deviation Plot for t:.'/J vs mo I a Ii ty 

• Libus et al. [SOa], isopiestic vs KCI 

+ Li,bus et al. [SOa], isopiestic vs 119(CID4)2 

)( Robinson, McCoach and Lim [51], i sop i es tic liS CaBr2 
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Col2 
Recommended Values for the mean activity and osmotic coefficient of Col 2 In H20 at 298.15 K 

m/molokg-1 
'f 0 a flGex/Jokg-l 

...l! 
.001 .8872 .9616 .999948 ":'1. 
• OO~ .8486 .9482 ..... 98'lle -2 • 
.003 .8lEU, .9388 .90;0;848 -3 • 
.004 .8006 .9315 • S'li9799 -5 • 
.005 • 7832 • 9255 .0;99750 -6 • 
.006 .7684 • 9204 .0;99702 -8 • 
.007 .7!:54 • 9160 .999654 -10 • 
.008 .7439 • 9121 ~"o;S606 -12 • 
.009 .'7:3:35 • <'Hill? .9991558 -115 • 
.010 • 72 .. 2 • o;Cl!56 .9109511 -17 • 
.020 .6608 .88E3 .1099042 -4tS. 
.030 .6242 .e77" ... 91l578 -78 • 
• 040 .5 .. 98 .8734 • 0;98114 -114 • 
.0!50 .5e~3 .8722 .0;0;1646 -HI4 • 
• 060 • 5691 • 8726 ... 9717 .. -19lS • 
.070 .559.0 .87 .. 3 • S<;6698 -237 • 
.080 .5!12 .8767 ... <;6217 -281 • 
.090 _fl4eO .e797 .9'!f!5730 -326 • 
.100 • 5.01 • 88:!2 .90;!5238 -371 • 
.200 • 5273 .'!Il272 .,,0;(l028 -a .... 
.300 • 5410 .9'737 .984337 -1312 • 
.400 .!5652 1.US8 ."7!!12t!5 -1753 • 
.500 .5962 1.0632 • OQ716?Q -2158 • 
.600 • 6330 1.1076 .'!f64721 -2!i21. 
.700 • 6756 1.1528 .9!57323 -2837 • 
.800 .7247 1.199!5 .... 9 .. 158 -3103. 
.900 .7810 1.2480 .9.1101 -3315. 
1.00~ .84f!3 1.2'$10:; .9::12227 -:t409. 
1.250 i.0497 1 •• 3.1 .901660 -3!58 •• 
1.lS00 1.3353 1.!5826 .879158e -327 •• 
1.750 1.7334 1.7419 .84!!1102 -2497. 
2.000 2.2872 1.9092 • 813!530 -121S • 
Z.2lS0 3.0536 lE.0812 .776401 587. 
2.500 ... 1071 2.2!!!47 .737381 2'1137. 
2.7lS0 5.5415 2 ... 266 • 697215 15842 • 
3.000 '.~709 2.15940 .E156E60 9304. 
3.21S0 lO.026'!1l 2.7543 ~616441 1.3317. 
3.500 13.3535 2.90152 .577207 17871. 
3.750 17.5953 3.04,.8 .539509 229,8. 
".000 22.8813 3.111 .. .eel3784 28026. 
4.250 29.30.6 3.2837 .4103158 3 .. 578. 
4.500 36.8'101"''' 3.380a _'1394'1$ 4&01'0. 
'h750 45.6198 3.4Eio .411164 47983. 
5.000 !!.3261 3.15269 .3815553 1515269. 
5.250 6!i.78n 3.5755 .36 251U 6289 •• 
15.500 7e.E58'i 3.6079 .342i68 70823. 
5.750 87.57 .. 7 3.62.6 • 324193 79017 • 
6.000 98.1179 3.62E5 .308510 87441. 
6.250 lCl7.8979 3.6145 .29.9151 96059. 
6. 50d.sa~ 1 E. 5874 3.15899 • 283335 10 .. e37 • 
6.750 123.91578 ::.155.1 .273469 1137 .. 3. 
7.000 129.9023 3.I5Ge8 • 241:15148 1227150 • 
7.250 13 ..... 36 .3.415«10 • .i58Ui4 1.11832. 
7.500 1.37~72el 3.30;79 • 1&2253 144968 • 
7.7150 ... 0.0092 ~.:!367 .2.7191 1001"2. 
a.ooo ''11.62.,3 3.2":;0 .&420.4 Ie.:! .. ,. 
8.250 1 .. 2.989C1 3.2154 • 238 .. 23 1685lS9 • 
8.500 144.5589 3.1611 .23.063 1777915. 
8.71S0 14E.8e32 3.1148 • 229231 1870156 • 
9.000 1150.4643 3.0eOl • ~~~!53~ 196353 • 
9.250 USE.0999 3.0602 • 21C1156E 205707 • 
9.500 16 •• 6606 3.0587 • .;;07953 21&143. 
9.750 177.3711 3.0793 • 1 Oj7372 224698. 

10.000 li6,0000 ::.1260 .184,,10 23441". 
10.100 2015.6676 3.11529 • 1788715 238357 • 

J. Phys. Chem. R.f. Data, Val. 8, No.4, 1979 
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mlmol'kil-1 
~ ~ .£1:tl 

.001 .0002 .0005 .0004 

.010 .0021 .0044 .00:32 
.100 .0129 • Cl29E: .0160 

1.000 .0157 .0696 .0588 
2.000 .01~6 .0600 .1373 
5.000 .0165 .0661 3.6565 

10.000 .0::143 .0728 14.2765 
10.100 .0379 .0763 HI.6957 

Coefficients of Correlating Eguations 

~ ~ 

Par coeffic i ent a (coeff) coefficient a (coeff) 

1 .5465540478+01 .521+00 .9476445136+01 .527+00 
2 -. 52790]2846+00 .901+00 -. Tfi'i'Ii768873+02 .911+00 
3 .~53068+01 .602+00 .JTli'b954592+01 .608+00 
4 - . TZi'6'9'3571 22 +0 1 .178+00 -.2219520356+01 .180+00 
5 .1860244467+00 .194-01 .2504491292+00 .196-"01 

"(cq,, 2.) ~ .',0',-0\ 
a(eqs 3) .. . 408-01 

Experimental Data Employed in Generation of Correlating Equations 

Robinson, MCCoachj and Lim [;1J. Iso~lestlc measurements, reference salt Is caCl 2• ASSigned weight 
is I. O. 

m/mol'kg- 1 
0298 • IS 

.561000 1.0816 

.6 .. 4500 1.1447 

.726000 1.1638 
.944500 1.2835 

1.121000 103838 
1.404000 1.53!4 
1.'74(;000 1.7418 
1.S2E:000 1.8543 
2.!501000 ~.2.20Q 

2.528000 2.2492 
:3.201000 ~.6939 

3.535000 2.9097 
3.930000 :3.1413 
4.775000 ::1.5254 
4.9810(.0 3.5849 
5.074000 ~.5907 

5.945000 3.6211 
6.448000 3.5495 
6.502000 3.5435 
7.0<;6000 3.4400 
7.439000 3.3eeO 
e.Hi4000 ::.2647 
9.229000 3.1!520 

10.1ClOOOO ::.1045 

J. Phyt. Chem. Ref. Data, Val. 8, Na. 4, 1979 



ACTIVITY AND OSMOTIC COEFFICIENTS FOR AQUEOUS SOLUTIONS 

Conments 

There Is a fa"ir amount of scatter in the isopiestic data of Robinson, McCoi!lch, and Lim [51] ,probably 
attributable to slow decomposition of the salt In solution. A more precise set of measurements would be 
of value. Equations I could not be used to correlate the data and the table of recommended values and the 
deviation plot are based upon equations 3. 

3.000 t H 2-

2.500 

2.000 

1.500 
<!> 

<!> 

1.000 

.500 
"I 
+ 
0 0 

<!> 9.-
"" >< 

-.500 .6 

.6 
-1.000 

-1.500 

-'.CICIO 

-2.500 ~ 
.6 

-3.000 .. ll. 

0 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 
Molality/mol kg"' 

Deviation Plot For Co1 2: b0 vs molality 

, Robinson, HcCoach, and Lim [511. isopiestic liS CaCl 2 

949 
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Recommended Values for the mean activity and osmotic coefficient of CO(N0
3

)2 'In 

m/mo1 o kg -1 y 

.eCI 

.002 
.003 
.004 
.oos 
.oot> 
.007 
.008 
• 009 
.010 
.020 
.030 
.040 
.050 
.060 
.070 
.Cl80 
.090 
.100 
.200 
.300 
.400 
.500 
.600 
.700 
.800 
.900 

1.000 
1.250 
1.500 
1.750 
2.000 
2.250 
2.500 
2.750 
3.000 
3.250 
3.500 
3.750 
4.000 
4.250 
4.500 

• e SS3 
.S504 
• 8240 
.8034 
• 78e:; 
.771C 
.75e8 
.7474 
.7371 
.7277 
.6631 
.6241 
.59e.e 
• 575t: 
.5591 
.5455 
.5341 
.524:! 
.5158 
• 4t>'ilC 

.4515 
• 4454 
.4456 
.4499 
• 4571 
.4ee7 
.4784 
.491<; 
.5333 
.5e50 
.6477 
.722" 
.8100 
.<;128 

1.032e 
1.1717 
1.3328 
1.5187 
1.7324 
1.<;773 
2.25t:C; 
2.5745 

4.750 li!.Q337 

5.000 3.3377 
5.250 3.7893 
5.500 4.2907 
5.62o(sat) '-.54<;5 
S.750 
S.790 

".13433 
".93eS 

11Vmo1 o kg -1 

.001 

.010 

.100 
1.000 
2.000 
5.000 
5.790 

• <;<622 
.9491 
.9400 
• 9:329 
.9270 
• 9ii;ZO 

.<;176 

.9137 
• 9102 
.9070 
• eesE 
.8739 
.See3 
.8f,1l 
.Se75 
.8550 
• es32 
.8521 
.13St5 
• t! 1:11.';: 

.f74? 

.13946 
• 91t:2 
• 9389 
.9f25 
.ge68 

1.0116 
1.0370 
1.1024 
1.1704 
1.2407 
1.3127 
1.3ef4 
1.4613 
1. 5371 
1.6135 
1.6902 
1.7668 
1.842'9 
109184 
1.<5<;27 
2.0656 
~ .. l':!.~l 

2.2056 
2.2720 
2.3357 
2.3651 
2.39El 
:<.401:4 

.(lOOI 

.0008 

.0026 

.0016 

.0016 

.0035 

.0054 

a 
w 

.<;<;99413 

.<;C;C;897 
• <;C;9848 
.C;,!)<;798 
• <;C;<;;750 
."'99701 
... <;9653 
.<;99605 
.<5<;<;557 
.9<;9510 
• "C;;9043 
• <;<;8584 
• <5<;e129 
.9<;7676 
.<;0;7223 
... 9E771 
.<;<;6318 
• <; .. 5864 
• <;95409 
.OS907cc 
.ge5918 
.980847 
.<571:546 
.<570::111 
.<5t:.-241 
.958232 
.<;SI984 
• 9454<;6 
• ":>1'1:>::>7 
• 909475 
.e13 .. 2131 
• 13i:7711 
.844855 
.e20S28 
.7 .. 5763 
.76 .. 810 
.743134 
.715908 
.6E831l 
.ife01:2S 
.632730 
.t:()SI01 
.577806 
.551002 
.524834 
.499432 
• '-87547 
• 47491.­
.471080 

.oe02 

.0017 

.0074 

.0113 

.0101 

.0123 
• 0116 

-1. • 
-2 • 
-3 • 
-5 • 
-6 • 
-e • 

-10 • 
-12 • 
-14 • 
-17 • 
-44 • 
-77 • 

-114 • 
-154 • 
-196_ 
-240_ 
-286 • 
-333 • 
-382 • 
-<g 15 • 

-1494_ 
-2092 • 
-2694 • 
-32"92 • 
-3880 • 
-4455. 
-5013. 
-5551 • 
-6797 • 
-7882 • 
-8785. 
-9492 • 
-9991. 

-10273. 
-10328. 
-10152. 

.0002 

.0013 

.0038 

.00S5 

.0073 

.0412 

.057 • 

-9738. 
-908E. 
-8183. 
-7039. 
-5648. 
-4012. 
-2133. 

-11. 
2348. 
49410 
6267 • 
7762 • 
8234. 
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Coefficients of Correlating Equations 

Par 

1 
2 
3 
4 
5 
6 

coefficient 

.1548882687+01 

.3455882534+00 

.S'b4b717246-01 
-.5060153065-02 

cr (coeff) 

.429-01 

.169-01 

.521-02 

.526-03 

coefficient 

.9612031532+00 

.9095482822+01 
-. 57T!l3T4250+0 1 

.2777416954+00 
-.7562225446+00 

. S4ZZ3920D-O 1 

cr(eqs 1) = .706-02 
a(eqs 2) .717-02 

·o(eqs J) - .748,02 

Experimental Data Employed in Generation of Correlating Equations 

cr (coeff) 

.295+00 

.922+00 

.119+01 

.766+00 

.241+00 

.298-01 

coefficient 

.8409866200+01 
-.1019702100+02 

. '7'S'3'S'bS6 8 5 7 +0 1 

.mm4329+01 

. '8Oi8'81i632 3+00 
-.7875630073 

cr (coeff) 

.307+00 

.962+00 

.124+01 

.799+00 

.252+00 

.,10-01 

Frolov, et al. [42]. Isopiestic measurements, 
reference salt is not given. Assigned weight is 
zero. 

Robinson and Brown [49]. Isopiestic measure­
ments, reference salt is CaCI2' Assigned weight 
is 1.0. 

m/mol'kg- I 

2.323000 
1.42(iOOO 
1. 162000 

.814000 
4.480000 
2.e40000 
1.730300 
1.::!!::!!e200 

111298.15 

1.4230 
1.2220 
100790 
.ge70 

2.0490 
1.!i690 
1.2390 
1.1410 

Jones and Getman [47]. Freezing point 
depression measurements'~L and ~c data for CoCI 2 were used in treating these me~surements. Assigned 
weight is zero. 

.074910 
.111,o300 
.302400 
."!!E400 

"298.15 

.8305 

.eOCI 

.8159 

.8!!!!" 

Jones and Pearce [43]. Freezing point 
depression measurements. Assigned weight is 

.01C038 

.02!5030 

.050100 

.01S210 

.100380 

.252400 

.nOl00 

"298.15 
.ge33 
.9!2·6 
.9095 
.8967 
.eS1S 
.8945 
.9"22 

zero. 

m/mol'kg -I 
"298,15 

1.<e2"000 1.2179 
2.1".cI 00 1.3620 
2.483000 1.4(;59 
2.E73000 1.53«::3 
2.84t;OCO 1.5759 
3.067000 1.6.::1.23 
3.729000 1.8317 
4.039000 1.9264 
~.eoeooo 2.14":::7 

5.SS.2000 2.3472 
e.7CiOOOO 2.40eO 

Robinson, Wilson, ~nd Ayling (52]. tsopiestic 
measurements, reference salt is KCI. Assigned 
we'ight is 1.0. 

m/mol'kg- I 
"298.1:; 

.102200 .8513 

.229700 .S6S0 
.2932CO .8740 
.':71::>00 .flfl72 
.57CiSOO .9::19 
.59(;200 .9359 
.8E4500 1.0058 
.Ee8100 1.0103 

1.109000 1.0669 
1.137000 1.0747 
1.155000 1007::39 
1.214(00 1.0Ci4a 
1 • .223000 1.1004 
1.::!!62000 1.1292 
1.421000 101476 
1.477ClOO 1.1~12 

1.487000 1.1727 
1.Cl:U;OOO ' 1 • .i!C'r .. 

1.760000 102410 
1.e15000 t.24S8 
1.E8~OOO 1.2772 
1.935000 1.2916 
1.<;9COOO 1.30S0 
2.1geOOO 103651 
2.244000 1.3708 
2.261000 1.3806 

J. Phy •• Chem. Ref. Data, Vol. 8, No.4, 1979 



95~ COLDBERC, NunALL, AND STAPLES 

~s 

The more recent isopiestic results of Frolov et al. [42], although less precise than the isopiestic 
results of Robinson et al. [49,52], are in fair agreement with them. The old freezing point depress'ion measure­
ments of JoneS et al. [43,49] are given zero wei!Jht. 

3.000 ':'k--_~ ____ ~i __ ~ __ ..---_-.-__ -.-___ --.,. __ ~ __ .---_......, 

oN 
+ o 

&.­
<IX 

2.500 

2.000 

1.500 

1.000 t 
.500 

x 

x 

I ~ 
O;~ X 

~ ~ 

-1.000 

-1.500 

-2.000 

-2.500 

.to 

~ :K: 

~ 
~ ~ 

X 
.to ~ ;;<:~ 

.to 
~ 

¢' ¢' 

¢' 

.to .to 
¢' 

:K:~ ¢' ¢' 

¢' ;;<: X ~ 
X 

:K: 

X X 

-3.000 .... +-1.1.1'-1"---1,_--'-_---'" ____ """-_____ ---" __ ""--_-'-_--'-_---''------1 

o .50 1.00 1.50 .2.00 2.50 3.00 
Molality/mol kg-' 

Deviation Plot For Co(NOS)z: ~I!I vs molality 

, Frolov et al (42], isopiestic vs 1 

~ Jones and Getman [49), freezing point depression 

)( Jones and Pearce [43], freezing point depression 

~ Robinson and Brown [51], isopiestic vs CaCI 2 

;,: Robinson, Wilson and Ayl ing [52), isopiestic vs KCI 

J. 'hYI. Chem. R.f. Dota, Val. 8, No.4, 1979 
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[Co(NH3lsN02]CI2 

Recommended Values for the mean activity and osmotic coefficient of [CO(NH
3

)SU0
2

1CI
2 

in H
2
0 at 298.15 K 

.001 

.002 

.UO) 

.004 

.005 

.006 

.007 

.008 

.009 

.010 

.020 

.030 

.040 

.050 

.050 

.070 

. 080 
.. 090 
.100 

y 

.9015 

.8715 

.8,08 

. 8344 

.8206 

.8084 

.7975 

. 7875 

.7783 

. 7697 

.7012 

.64S7 

.6039 

.5541 

.5281 

. 4951 

.4646 

.4363 

.4100 

mlmol'kg- I 

.001 

.010 

.100 

CoefficIents of Correlating Equations 

!.9!...! 
coefficient o (eoeff) 

.8966847299+00 .412-01 

0 

.9688 .999948 

.9597 .999896 

.9,32 .999845 

.9479 .999795 

. 9433 .999745 

.9392 . 999695 

.9353 • 999646 

.9316 .999597 

.9280 . 999549 

.9246 .999500 

. 8935 .999035 

.S644 • 9~B5~9 

. 8358 .998195 

.8073 .997821 

.7789 . 997477 

.7506 .997165 

.7221 .996883 

. 6937 .996631 

.6652 . 995411 

0(1'J) o(~ny) ilil 
.0033 .0074 .0057 
.0117 .0322 .0248 
.0178 .0743 .0304 

~ 
coefficient cr(coeff) 

-.8542577948+01 
.5liT5724643+02 

-.7397029192+02 

o(eqs 1) 
0("'1' 2) 
o(eqs 3) 

.873-02 

.981,-02 

.884-02 

.210+01 

.151+02 

.283+02 

Experimental Data Employed in Generation of Correlating Eguations 

llGcx/J'kg- 1 

-]. 

-1. 
-3· 
-4 . 
-5 . 
-7 . 
-8 . 

-10 . 
-12 . 
-14 . 
-37 . 
-66 . 

-101 . 
-141. 
-186 . 
-236 . 
-291 . 
-350 . 
-414 . 

I9.L1 
coefficient o (coeff) 

.6377358634+01 .674+00 
- .5825971431+01 .200+01 

Freezing point depression measurements of Harkins, Hall, and Roberts [56]. ~L and ~c data for CoCI
2 were used in the absence of any direct measurements. Assigned weight is 1.0. 

-I m/rnol· kg 

.001540 

.003540 

.003860 

.OO;/IU 

.007450 

.008710 

.010920 

0Z96.15 

.9338 

.9304 
.9268 
.9108 
.8965 
.8874 
.8759 

953 

J. Phys. Chern. Ref. Data, Vol. 8, No.4, 1979 
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V4in,t ~rC\~utr u."~malry data obtained at 37"C by Masterton and Scola [11]. ~l and ¢c data for COC1
Z 

were 
"bod I(l IHlju\d In(' II data to 25"C. Assigned weight is 1.0. 

Comments 

.010000 

.ozoooo 

.030000 

.050000 

.070000 

.100000 

"298.15 

.9020 

.8700 

.8480 

.8180 

.7980 

. 7780 

The old freezing point depression data of Harkln~, Hall, and Robert~ [10) appear to have been ~arefully 
performed. The agreement with the vapor pressure osmometry data [II] is fair. 

3.000 

2.500 

2.000 

1.500 

1.000 + + 
+ 

.500 
N 

+ 4. 
0 0 ... 

&.-
<IX 

4. 

-.500 

4. 

-1.000 4. 

4. 

-1.500 
4. 

-2.000 

-2.500 

-3.000 
0 .0100 .0200 .0300 .0400 .0500 

t.4ololity/mol kg-' 

Deviation Plot For [CO(NH
3

)SNOZ]CI 2: ~"vs molality 

~ Harkins, Hall and Roberts [10] - freezing peint depression 

+ Has'terton and Scola [11] - vapor pressure osmometry 

J. Phy •. Ch.m. Ref. Data, Vol. 8, No.4, 1979 
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Recommended Values for the mean activity and osmotic coefficient of [CO(NH3)5Cl]CI2 in H20 at 298.15 K 

m/mol.kg-l y ~ a lIGex/J'kg-1 
...lil 

.001 .8897 .9629 .999948 -1.· 
.002 .8529 .9505 .999897 -2 • 
• CO;:l .8274 .9419 .999847 -3 • 
• 004 .8076 .9353 .999798 -4 • 
• 005 .7912 .9299 .999749 -6 • 
• 006 .7772 .9253 .999700 -8 • 
• 007 .7651 .9213 .999652 -10 • 
• OG8 .7578 .9190 .999620 -lle 

m/mol'kg-1 
2.ill. ~- E..hl 

.001 00010 .QV<:!<:: .0019 

.OC8 .0056 .0124 .C094 

Coefficients of Correiatin~ ~quati6ns 

i2...l ~ 

.!:.!!:. coefficient cr(coeff) coefficient ,,(coeff) 

• .!.!!.1573635S+01 .372+00 .1004990834+02 .169+01 

cr(eqs 1) .106-01 
cr(eqs 3) = .113-01 

;xpedmental Data Employed in Generation of Correlating Equations 

Harkins, Hall. and Roberts [10]. Freezing point depression measurements. tL and ~ data for CoCI were 
Jsed in treating this data. A reasonable fit could not be obtained using eqs 2. Assign~d weight is l.t. 

m!mol'kg- 1 
°298.15 

.002450 .9637 

.002490 .9561 

.003400 .9520 
.003980 .9325 
.004160 .9334 
.004e20 .9309 
.0(;6440 .9092 
.007660 .9165 

J. Phy •. Chem. Ref. Data, Vol. 8, Na. 4, 1979 



956 GOLDBERG, NUTTALL, AND STAPLES 

Comments 

While a sl ightly better fit can be obtained for eqs I using 2 parameters, the values of the B coefficients 
so obtained is equal to 12.05 and seems physically unreasonable if one attempts to interpret that value in terms 
of an ionic size. 

3.000 

2.500 

2.000 

1,500 

1.000 

.500 

"" 4-
0 0 

~-<lX 

-.500 

-1.000 

-1.500 

-2.0C'0 

-2.500 

-3.000 
a .100 .200 .300 .400 

XlO- 2 
t.4ololity/mol kg" 

, Harkins, Hal1 and Roberts [10) - freezing point depression 

J ......... C".m. lI.f. D".o, Vol. 0, No.4, ''97'9 

.500 .600 .700 .BOO 
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Recommended Values for the mean activity and osmotic coefficient of [Co(NH3)5F]CI2 in H20 at 298.15 K 

mlmol'kg-1 
y I/J a llGex/J'kg-l 

.....!! 

.001 .B!!!5.! .9605 ...... 99.8 -1 • 

.002 .8.49 .94eO • <; .. C;8C;8 -2 • 

.003 .S162 .9::!!!" • t;<;t;e48 -3 • 

.Cl04 .7935 .... 270 ... <;;9800 -5 • 

.005 .7744 .9198 • 999751 -7 • 

.ooe .7:eO .9130 ... <;9,.04 -? 

.007 .7425 .C;079 • <;<;<;657 -11 • 

.008 .7204 ... C29 ........ 610 -13 • 

.009 .7186 .8 .. 82 • 9<;9563 -15 • 

.010 .7077 .e940 • 9C;9517 -18 • 

.020 .630e .8e28 • C;C;C;068 -4e • 

.030 .5822 .8424 • '10 .. 81:35 -8f: • 

.040 .5467 .8270 .... 98214 -12e • 

.050 .5188 .e147 • C;C;7eOl -175 • 

.0 ... 0 ,.4Cfitli .B044 • C; .. 7395 -226 • 

.070 .4767 .7C;55 • C;'ie ... 95 -279 • 

.OSO .4600 .7877 • <;'i6600 -336 • 

.090 .4454 .7eOS .<;C;t209 -39!h 

.100 .4224 .7746 • 9C;5823 -456 • 

.zoo .::1"19:;' .?3IH • tr;.t;2118 -1166 • 

.300 .3036 .7058 • geS622 -2003 • 

.400 .272S .E:SEt • o;E5276 -2931 • 

.500 .2499 .1:702 • 98 .. 051 -3931 • 

.600 .2~19 .E:5E:9 • 'i78923 -4990 • 

.7eO .2173 .6456 • 9715117.0: -OlOit • 

.800 .2051 .t3!!9 • 972SS1 -7259 • 

.900 .H14a .e276 • C;69932 -8457 • 

1.000 .le59 .6207 ... 67C09 -9691 • 

,m/mol'kg-1 illl illm:2. .£..W. 

.001 .0001 .0001 .0001 

.010 .CHIO. .0(l(lS .0(106 

.100 .0011 .G033 .0014 
1.000 .OG23 .GG41S .0008 

Coeff i ci ents of Correlating Eguat ions 

19.U.. I9.!..1. !s!..l 
f!!:. coefficient o(coeff) coefficient o (coeff) coeffi cl ent o (coeff) 

1 .1104760370+01 .223-01 -.2]14555741+01 .196+00 .6939240652+01 .197+00 
2 -. 3b55036 706+00 .368-01 • TbliT391192+02 .770+00 -. T6OT455807+02 .774+00 
3 .~7304991-01 .221-01 -. 1239230111+02 .103+01 • BT321i63020+0 1 .104+01 
4 .4145381384+01 .456+00 -.2666591011+01 .459+00 

(eqs 1) .235-02 
(eqs 2) - .305-02 
(eqs 3) • .306-02 

J. Phys. Chem. R.f. Data, Vol. a, No.4, 1979 



958 GOLDBERG, NunALL, AND STAPLES 

Experimental Data Employed in Generation of Correlating Equations 

Masterton and Scola [IIJ. Vapor pressure osmometry measurements performed at 37°C. ¢L and ~c data for 
CoCI 2 were used in adjusting this data to 25°C. As'signed weight is 1.0. 

mIme 1· kg 
-I 

!2I29B.15 

.010000 .8geO 

.OZOOOO .66EO 

.030000 .6450 

.050:lGO .6150 
.D70JJCO .7950 
.100000 .77:30 
.200000 .7:300 
.iccoco .7050 
.!:CCOCO .6710 
.7COOOO .6470 

1.CCCOOO .62(0 

Comments 

The above results are based solely upon vapor pressure osmometry measurements, as are the calculated 
results for the remaining cobalt compounds that follow. 

3.000 

I 2.500 
r 

2.000 ~ 
1.500 

I 
r 

1.000 

~~ .500 

c.. 
+ 

-J 
... 0 A &.- .!>. <lX 

1 

t 
I 

-1.000 

-1.500 1 
I 

-2.000 i 
-2.500 

-3.000 
o 

j 
.700 .800 .900 \.000 .300 .400 .500 .600 .100 .200 

Molality/mol kg-' 

A Masterton and Scola [Ill - vapor p~essure osmometry 

J. Phys. Chem. Ref. Data, Vol. 8, No.4, 1979 
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Recommended Values for the mean activity and osmotic coefficient of !Co(NH 3)SCI] (CI04)2 in H20 at 298. IS K 

m/mol'kg- I 
y 

.001 .eS76 

.002 .8487 

.003 .8:<:13 

.004- .7'596 

.005 .7814 

.006 .7~!'I7 

.007 .1517 

.008 .7::l92 

.009 .7278 

.010 .7173 

.020 .6418 

.030 .5929 
• 040 .5566 
.050 .5278 
.060 .5~43 
.070 .4841f. 
.oeo .4680 
.1)<.:10 .4f38 
.100 .4416 

m/mol'ks-: 

.001 

.010 
.1CO 

Coefficients of Correlatin!! Eguations 

E.9L!.. 
Par coefficient o (coeff) 

.19434839640+01 .100+00 
2 .2'!!))8;15!1161+01 .267+00 
3 .90269417562+01 . 118+01 

~ a w 

.9617 • 999948 

.9480 • '5'59898 

.;'::82 • 9 .. 9848 

.9:!03 ..... 9799 

.9236 • 999750 

.<:177 .<;<;<;70:1' 
• 9124 .999655 
.901t ....... 608 
.9032 • 999561 
.8991 • 9<;9514 
.8682 • 9<;9062 
.e4tt • <.;<;e628 
.8299 .<;<;e207 
.81154 • <;<;7796 
.80!3 • 997392 
.79t2 .'!i'i6992 
.7e8g • 996595 
.1833 • '!i96197 
.7793 • '!i'!i5797 

~ ~ E..W. 
.0001 .0003 .0003 
.0005 .0015 .0011 
.oooe .OC19 .oooe 

Is!..! 
coefficient o (coeff) 

-.2344230953+01 
.lZ0792!;j46l+Ul 

a (eqs 1) • 
"(eq,, 2) -
a(eqs 3) .. 

.840-03 

.124-02 

.144-02 

.106+00 

.JI3+00 

Experimental Data Employed in Generation of Correlating Equations 

AGex/J.kg- 1 

-1 • 
-2 • 
-3 • 
-5 • 
-6 • 
-So 

-10 • 
-12 • 
-15 • 
-17 • 
-46 • 
-82 • 

-124 • 
-169 • 
-219 • 
-271. 
-326 • 
-384 • 
-444 • 

coeff i cient 

.6876510176+01 
-. 7T1l154253+0 I 

o (coeff) 

.381+00 

.112+01 

Masterton and Scola !11]~ Vapor pressure osmometry measurements performed at 37°C. ~L and ~c data for 
CoCI2 were used in adjusting this data to 25°C. Assigned weight is 1.0. 

mlrrol'kg 
-I 

"298.15 

.010000 .9000 

.020000 .8680 

.0.-30000 .8460 

.0 =0000 .8160 

.0-70000 .7970 
.lOOCOO .7790 

J. Phys. Chem. Ref. Data, Vol. 8, No.4, 1979 
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3.000 

2.500 

2.000 

1.500 

1.000 

.500 
N 
+ 
0 

s.~ 
<IX 

0 

-.500 

-1.000 

-1.500 

-2.000 

-2.500 

-3.000 
0 .0100 .0200 .0;500 .0400 .0500 .0600 

Molality/mol kIf' 
.0700 .oaoo .0900 .1000 

6 Hasterton and Scola [II] - vapor pressure osmometry 
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-1 
~ m!roolokg y n w 

.001 .ae4S .~E01 • SC;;c;l948 

.002 .84:3'5 .Q4!!52 • 0:: .... 11198 

.003 .8142 .9:!43 • "S~849 

.004 .7910 .9:255 • 9~9800 
.oos .7715 .9180 • <;',H'1752 

.006 .7546 .9114 • <;99704 

.007 .73<;7 .9055 • <;o;SE57 

.008 .7263 .9D02 • 999611 
.009 .7141 .8SS3 • <;99565 
.010 .7029 .8<;oe .... <;9519 
.020 .6232 .e!!74 • o;S<;C74 
.030 .5727 .8:::52 • 9<;8647 
.£:>40 .S35e .8183 ... 98233 
.050 .5067 .8046 • 997828 
.060 .4829 .79:!1 • <;97432 
.070 .46li7 .7831 • <;1970'12 

.0130 .4453 • 7744 .';9f6S8 

.090 .4Z01 .7tE5 • S96279 
.100 .4161: .71:94 • 'li95904 
.200 .32 .. 7 .7094 • 99';:;:::61 
.::IOtl .21314 .f71S7 • '589104 
.400 .248';:; .6473 • 986104 

mimolokg-1 0(0) Ei&!n:l !!ill:2.. 
.ClOl .0001 .COOI .0001 
.010 .0004 .0008 .0006 
.1tO .oe07 .C023 .0010 
.4CO .0014 .0026 .0007 

Coefficients of Correlatinli! Eguations 

~ ~ 

~ coefficient o (coeff) coefficient a (coeff) 

1 .9541461770+00 .336-01 -.564~279676+01 .324+00 
2 -. 2131i286906 7+00 .970-01 .315 055849+02 .200+01 
3 -.1232895187+00 .114+00 - . 'lj'j21j941 550+02 .417-+01 
4 .2245898278+02 .285+01 

o(eqs 1) - .145-02 
o(eqs 2) .. .157-02 
o(eqs 3) .641-03 

Experimental Data Employed in Generation of Correlatinli! Eguations 

AGex/Jokg- 1 

-1 • 
-2 • 
-3 • 
-5 • 
-7 • 
-9 • 

-11 • 
-13 • 
-16 • 
-IS • 
-49 • 
-88 • 

-132 • 
-ISO • 
-233 • 
-liS8 • 
-347 • 
....:4013 • 
-472 • 

-1218 • 
-2105 • 
-3096 • 

coefficient 

.5895451600+01 
- . bb33590679+0 1 

.3136811707+01 

o (coeff) 

.398-01 

.142+00 

.133+00 

Berka and Hasterton [12]. Vapor pressure osmometry measurements performed at 37°C. tL and tc data 
for CoC1 2 were used in adjusting this data to 25°C. Assigned weight is 1.0. 

m/mol o kg -1 
~298.15 

.030000 .8340 

.040000 .8170 

.05(::)00 .8040 

.070000 .7840 

.10eOOO .7610 

.200000 .7100 
.300(> 00 .674') 
.400000 .t:480 

J. rhy~. (;hem. /lef. Data, Val. 8, No.4, 1979 
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3.000 

i 
2.500 

2.000 

1.500 

1.000 

.500 
('oj ... 
0 0 

&.-<1)( 

-.500 

-1.000 

-1.500 

-2.000 

--2.500 

-3.000 
0 .0400 .oeoo .'200 .1600 .2000 .2400 .2800 .3200 .3600 .'1000 

Molality/mol kg"' 

£ Berka and Masterton [12] - vapor pressure osmometry 

./. ,hy •• Chem. Ref. Data. Vol. 8. No.4. 1979 
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[Co(NH3)sCH3CH 2COO]12 

Recommended Values for the mean activity and osmotic coefficient of [Co(NH3}5CH3CH2COO]12 in H20.at 298.15 K 

mfmol.kg-1 
!. 0 a llGex/J'lr.g-1 

...l!. 
.001 .Se43 
.002 .84::11 
.003 .8138 
.004 • 790!! 
.OOS .7709 
.006 .7S40 
.001 .7390 
.008 .7:i<!55 
.000 .7133 

. .. 010 .7021 
.02:» • t;221: 
• 030 .572.3 
• 040 .535e 
.0:10 • 007;:1 

.OEO .4840 

.070 • 4(:44 
.oeo .4476 
• 090 ."329 
.100 ... 199 
.200 .::1381 
.300 .2932 
.400 .2616 
.500 .~:!E!! 

mlmol'klli-1 

.(lOt 

.010 
.100 
.500 

Coefficients of Corrcl(1tinS Eguations 

~ 

Par coefficient a (coeff) 

I .8466768420+00 .199-01 
2 • T7T3789975+00 .569-0\ 
3 - .1i523432182+00 .532-01 
4 

.'II60C • 'II'li'il948 

.9450 • 9<;ge"8 

.... 3 .. 0 • <; .. ge .. 9 

.92\52 .<;,\;9800 

.9177 ..... 97!52 

.9111 • 'II'!ii'll701S 

.'II0!2 • <; ... S658 

.8<;ge • '1199611 

.804Q .QOQS65 

.8904 • 999!519 

.eft2 .SSS074 

.8354 .S98646 

.8192 .0;98231 

.OOC;' • <;;970a .. 

.7S!t: • '!ii97423 

.7ee5 .9<;7029 

.7787 • S9f:63<; 

.7718 .996253 
.7e5e • 'liS !5871 
.725" • '!iiS2190 
.eS92 • SE8727 
.45752 • 985510 
.1!4IOl! • <;82606 

£.ill. ~ .!!.W. 
.IUIOO .OOtH .0001 
.0002 .0005 .0004 
.00015 .C017 .0007 
.0011 .0020 .0005 

~ 

coefficient a (coeff) 

-.5099271970+01 
.2785496047+02 

-.3i52714522+02 
• "171324779+02 

a(eqs I) a .114-02 
o(eqs 2) s .242-02 
o(eqs 3) •• 566-02 

.341+00 
.190+01 
.357+01 
.220+01 

Experimental Data Employed in Generation of Correlatins Eguations 

-I • 
-2 • 
-3 • 
-5. 
-7 • 
-9 • 

-11 • 
-13 • 
-U; • 

-18 • 
-49 • 
-8S • 

-132 • 
-100 • 

-233 • 
-28e • 
-347 • 
-"oe • 
-47h 

-1204 • 
-2066 • 
-3022 • 
-41057 • 

coefficient 

.4993484018+01 
-.3036828505+01 

a (coeff) 

.930-01 

.122+00 

Berka and ~asterton [12). Vapor pressure osmometry measurements performed at 37·C. ~L and ~c data 
for ~oC12 were used to adjust this data to 25·C. Assigned weight is 1.0 • . 

mlmol'kg -I 

.030000 

.040(.100 
.0'50000 
.070000 
.100000 
.200000 
.300(100 
.400000 
.!!\tlOOOO 

.a3.0 

.a180 

.a060 

.7870 

.7670 

.7260 

.6990 
,..6740 
.6!100 

J. Phrs. Chern. Ref. Dater, Vol. 8, No.4, 1979 
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3.ClOO 

2.500 

2.000 

1.500 

1.000 

.500 

N 
+ 
'" 0 

s.~ 
<IX 

l---",--""O"-----------"'-.!> ----- - -- "'-- --~ 
.!>.!> 

-.500 

-1.000 

-1.500 

-2.000 

-2.500 

-3.000 
0 .OSO .100 .150 .200 .250 .300 

Molality/mol kIf' 
.350 .400 .4SO .500 

6 Berka and Hasterton [12] - vapor pressure osmometry 

J. 'hya. Chem. Ref. Data, Vol. 8, No.4, 1979 



ACTIVITY AND OSMOTIC COEFFICIENTS FOR AQUEOUS SOLUTIONS 965 

Recolll1lended Values for the mean actIvIty and osmotic coefficient of [Co(tIH3)5CH3CH2COO]Br2 In H20 <It 298.15 K 

m/1lol.kg-1 
y 

.001 .8848 

.002 .8441 

.003 .8151 

.00", .7921 

.005 .7728 
• 000 • 7:1<>2 
.007 .7414 
.Ot.8 .7282 
.009 .7162 
.010 .7051 
.0.20 .6268 
.0:30 .5773 
.040 .5412 
.050 .5129 
.060 .4807 

.070 .4701 

.080 .4532 

.090 .438. 

.100 .4253 
• .2QO .;lI4.2;;S 
.300 .297. 
.400 .2677 
.500 .2.59 
.61:'0 .2290 
.700 .2155 
.8CO .2043 
.900 .1949 

1.000 .1669 
1.200 .1741 

m/mol.ks-1 

.001 

.010 

.100 
1.000 
1.200 

Coefficients of Correlating EquatIons 

1 
2 
3 
4 
5 

coefficient 

. 1012607877+01 
-.RB961 1250+00 

.7139830888-01 

a (coeff) 

.338-01 

.513-01 

.243-01 

I/J a 6Cex/J.k.g-1 
w 

.9603 • 999948 

.9455 • 9SlS1 898 

.9348 • 999848 

.9262 • 999800 

.9188 • 99975.2 

.91& • .$.5'9.,0""" 

.9067 • 999657 
• 9015 .999610 
.8967 • 99Sl564 
.8923 • 999518 
.8601 • 999071 
.8388 • 998641 
.8228 • 998223 
.8100 • 997813 
.7003 • 997411 

.7Sl02 • 997015 

.7821 • 99c)624 

.7750 • 996237 

.7687 • 995854 

.7.20:1 • ~~Z170 

.7020 • 98868:3 

.6S48 • 985305 

.6718 • 962011 

.6615 • 978779 

.6532 • 975590 

.6466 • 972428 

.6415 • 969278 

.6377 • 966124 

.6334 .959750 

£W. .Q.tim:l E.hl 
.0001 .0002 
.C006 .0.1)12 
• 0019 .005 • 
.0023 .0063 
.0038 .0076 

coefficient 

-.5267259149+01 
.2989601315+02 

-.3971298376+02 
• mIT64026+02 

-.7978924105+01 

cr(Qqs 1) s .428-02 
a(eqs 2) = .204-02 
a(eqs 3) •• 219-02 

.00t>1 

.0009 

.0023 

.OCi12 

.0013 

g (coeff) 

.214+00 

.115+01 

.233+01 

.206+01 

.666+00 

-1 • 
-2 • 
-3 • 
-5 • 
-7 • 
-9 • 

-11 • 
-1:3 • 
-15 • 
-18 • 
-49 • 
-87 • 

-130 • 
-178 • 
-2200 • 
-284 • 
-341 • 
-401 • 
-464 • 

-1100 • 
-2040 • 
-2983 • 
-3996 • 
-5066 • 
-6185 • 
-7347 • 
-8546 • 
-9778 • 
-12327~ 

coefficient 

.5907520192+01 
-.6305848230+01 

.3515590473+01 
-. 7291162271+00 

(J (coeff) 

.103+00 

.353+00 

.424+00 

.170+00 

J. Phys. Chem. Ref. Data, Val. 8, ,No.4, 1979 
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Exper1mental Data Employed in Generation of Correlating Equations 

Berka and Masterton [12]. Vapor pressure osmometry measurements performed at 37°C. 4>L and 4>c data 
for CoCl 2 were used to adjust this data to 25°C. Assigned weight is 1.0. 

mlmol·kg -1 
"298.15 

.030000 .6340 

.040000 .8180 

.050::100 .8060 

.070000 .:'7880 
.!COOCO .76S0 
• .2(:)000 .7310 
.3Ce~OO .7050 
.4CCOO() .oeeo 
.5eOOeO .6720 
.6COOOO .6580 
.8(0:100 .6410 

1.CeOOCo .6390 
1.2CCOOO .~350 

3.000 

2..500 

2.000 

1.500 

1.000 

.500 
c-.I 
+ 

0 0 
A£ &.~ 

<IX 

-.500 J' 

-1.000 

-1.500 

-2.000 

-2.500 

-3.000 
0 .200 .4()0 .600 

Uolality/mol kg-' 
.soo 1.000 1.200 

~ Berka and Masterton [12] - vapor pressure osmometry 

J. Phys. Chem. Ref. Doto, Vol. 8, No.4, 1979 
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m/molokg-l y 

.001 .B1l44 

.002 .54:3:3 
.003 .13 141 
.(104 • 79013 
.005 .7713 
.006 .'1544 
• 007 .',395 
.008 .72el 
.000' .71~Q 

.010 .702e 
.020 .f234 
.030 .5734 
.040 .5370 
.050 .50135 
.060 .4853 
• 070 .46513 
.080 .449·1 
.090 .4345 
.100 .421e 
.200 .3417 
.300 .3003 
.400 .2737 
.500 • 25"1! 
• 600 .2404 
.700 .2291 
• 800 .21'98 
.900 .2121 

1.000 .205~ 

1.250 .1927 
1.500 .1832 
1.750 .1759 
2.000 .1701 
2.250 .lf53 
2.400 .1629 

m/moloks-1 

.001 

.010 

.100 
1.000 
2.000 
2.400 

Coefficients of Correlating Equations 

Par 

I 
2 
3 
4 
5 
6 
7 

coefficients 

.8921256715+00 

. TS'S"6247581-0 1 

cr{coeff) 

.135-01 

.753-02 

¢ a t.Gex/Jokg-1 
w 

.geOO • ""''1;948 -1 • 

.9451 ... C;9898 -2 • 

.9342 • <; .. <;849 -3 • 

.9.i!4 .<;<;9800 -!S • 

.9179 .<;9 .. 7152 -7. 

.9113 • '1;'99705 -9 • 

.9055 ... <;9657 -11 • 
• 9002 .9'9<;611 -13 • 
.s .. !:!! • S99565 -16 • 
.8S08 • 9S9519 -18 • 
.e!7e • «;'1;"073 -49 • 
.e:ael • <,;gef45 -88 • 
.8200 • <;98229 -131 • 
• 8072 ... 97821 -180 • 
.19f6 ... <;7420 -232 • 
.7E76 .S'n02S -287 • 
.7799 • 99f633 -345 • 
.77::2 • 996246 -406 • 
.7e73 .S95862 -469. 
.731.3 • 992126 -1198 • 
.7145 • <;':8482 -2047 • 
.7053 • 9841367 -2978 • 
• 7COl .<;':1260 -3969 • 
.6<;71 .97764S -5009 • 
.f9!Sf • 974026 -60S7 • 
.6951 .970::193 -7199 • 
.f9!:!! • 9f6747 -8339 • 
.6959 • 9<11308e -9504 • 
.6<;89 • 953881 -1250S • 
.7030 .944598 -1561.110 
.7078 • 9::15249 -18812 • 
.71.<:8 .9i5S4!S -22075. 
.7180 .<;1639" -25396. 
.7ill • 9107015 -27412 • 

!!Jll ~ £ill 

.0000 .0001 .0001 

.0003 .0006 .0005 

.0015 .0036 .001S 

.0022 .0087 .0018 

.003. .C08Q .0015 

.0050 .0093 .0015 

coefficients cr{coeff} coefficients 

-.8819392558+01 
.5b9'9791392+02 

-. 1220204006+03 
. 1561070231+01 

-. \"131260227+03 
• 'l'i3'T'2TI96 9 2+0 2 

-.6719160104+01 

.108+01 

.771+01 

.224+02 

.114+02 

.269+02 

.112+02 

.187+01 

.5707831492+01 
·.5526550862+01 

.2910569975+01 
-.6069771021+00 

o{eq5 1) - .775-0Z 
a{eqs 2) .732-02 
a (eqs 3) .7H-02 

a{coeff) 

.143+00 

.348+00 
.294+00 
.832-01 

J. PhYJ. Chem. R.f. Dala, Vol. 8, No.4, 1979 
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~xperlmental Data Employed in Generation of Correlating Equations 

Berka and Masterton [12]. Vapor pressure osmometry measurements performed at 37·C. ~L and ~c data 
for CoC1 2 were used to adjust this data to 25°C. Assigned weight is 1.0. 

Comments 

.010300 
.010400 
.0.20200 
.030200 
.040000 
.050300 
.060000 
.070600 
.08J200 
.100000 
.198000 
.295(>00 
.39COOO 
.~"'6000 

.48500::1 

.570000 

.653(;,00 
.732000 
.1:':::2000 
• <;99(100 

1.5::1(>000 
1.810000 
2.1:1COOO 
2.400(>00 

~ 
.8650 
.8800 
.8480 
.8310 
.8220 
.8110 
.7990 
.7950 
.7760 
.7730 
.7460 
.7.220 
.7080 
.7070 

.E>9S0 

.6970 

.6930 
.6910 
.6890 
.6910 
.7010 
.7070 
.71«:>0 
.7270 

The fit using equations 2 is difficult for this system. 

3.000 

l 2.500 

2.000 

I 
i.50n 

t 
1.COO ~ 

\ 4.. 

N '''J~: + 
0 

s.~ 
<lX I £. 

-.500 i.A 

-1.000 r 
-1S00 i 
-2.000 

-2.500 1-

-3.000 1 

a .400 .600 1.200 
Molality/mol kg·' 

6 Berka and Masterton (12} . vapor pressure osmometry 

J. PhYI. Ch.m. Ref. Data. Val. 8. No. 4, 1979 
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I 
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Recommended Values for the mean activity and osmotic coefficient of [CO(NH
3

)SCH 3COO] (N03)2 in H20 at 298.15 K 

Coefficients of 

mlmol. kg-· l r. '/I a 6Gex/J'kg -1 
.....li:. 

Correlatinli! 

Par 

1 
2 

.001 .8837 .959t> • <;0;9948 -1 • 

.002 .8420 .1>444 • C;<;I>e98 -2 • 

.003 .8123 .9::~2 ... ., .. 6 ... " -_a 

.004 .7e87 .9242 • <;<;9800 -5 • 

.005 .768<:; .9165 • 1>9975::: -7 • 

.006 .7511 .'it<;7 • <;<;C;705 -9 • 

.OO? .73~5 .9C:::7 • C;<;9IlS8 -11 • 

.008 .7229 .eC;e2 • <;<;'i612 -13 • 

.009 .7105 .89:::2 • 9<;9566 -16 • 

.010 .t:991 .EEE€: • <;0;9520 -18 • 

.020 .6188 .8:51 • <;;<;<;076 -50 • 

.030 .56e5 • e~~s ..... 8649 -89 • 

.04:1 .5323 .8178 ... <:;S2;;34 -1':3 • 

.050 .1:043 .st57 ... 97825 -182 • 

mlmol'kil-l 
.2i& ill.!!Y2. £ill 

.001 .0001 .000': .:lOC2 

.010 .OOOS .C019 • 0!11 3 

.100 .0083 .0090 .0038 

Equations 

coefficient 

-.4765183294+01 
• 19b9020635+02 

0' (coeff) 

.915-01 

.367+00 

O'(eqs 2) .295-03 
O'(eqs 3) - .101-02 

coefficient 

.5300274697+01 
-. 31iIi'9700277+0 1 

Experimental Data Emplo,yed in Generati9n ef Correlating Equations 

o (coeffJ 

.312+00 

.125+01 

Berka and Masterton [12]. Vapor pressure osmometry measurements perfermed at 37°C. ~L and ~c data 
for CoC1 2 were used to' adjust' this data to 25°C. Assigned weight is 1.0. 

Comments 

m/mol'~9-1 0298.15 

.030000 

.040000 

.05CO(lO 

.8340 

.8170 

.8060 

It was net possible to ebtain a fit for this system using egs I. The table of recemmended values and the 
deviation plot are based en eqs 3. 

J. Phys. Chem. Ref. Data, Vol. 8, No.4, 1979 
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3.000 

2.500 

2.000 

1.500 

1.000 

.500 
N 
+ 

<::> 0 
s.~ 
<lX 

-.500 

-1.000 

-1.500 

-2.000 

-2.500 

-J.OOO 
0 .0050 .0100 .0150 .0200 .0250 .0300 

Molality/mol kg-' 
.0350 .0400 .0450 .0500 

6 Berka and Masterton [12] - vapor pressure osmometry 

J. P"y •. Chem. Ref. Data, Vol. 8, No.4, 1979 
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Recommended Values for the mean activity and osmotic coefficient of (Co(NH ) CH COO]I in 
3 5 3 2 

Coefficients of Correlatins 

~ 

Par coeff i c i ent 

.9950357293+00 
z - .li2OZ84640 1 +00 
3 . 3682235684+01 

mhnol'kg-1 
! 0 a 

w 

.001 .BB46 .0;601 • 9~994e 

.002 .8437 .94~3 • SS .. 898 

.003 .ei45 .9!45 • 0; .. 9849 

.004 .79l'l .o;2~7 • SSSBOO 

.005 .7720 • S183 ... 99752 

.C06 .'~S2 • Qtl@ • 0;;C;<;70 • 

.007 .7403 .9059 • 9'19657 
• ~O8 .72f .. ... 007 .<; .... 611 
.009 .7148 .8<;58 • 0;0;0;564 
.010 .7037 .8S13 • SSSSl8 
.020 .()248 .8SES • 999072 
.030 .5,753 • S377 .0;<;8643 
.040 .53 .. «; • e225 .<;0;8224 
.050 .5120 • 8109 ..... 7811 
.060 .4898 • 80HI .<;97403 
.070 .4715 .'1' .. 4 .. ..... 6 .. 0;7 

.080 .4!562 .789f ... 96592 

.090 .4432 • 7857 .SS6185 

.100 .4321 .7830 • 995777 

m/moloks-1 0(0) illlli 
.001 
.010 
.100 

Eguat ions 

o (coeff) 

.913-01 

.370+00 

.113+01 

.OC01 .0002 

.0004 .0011 

.0004 .0013 

~ 

coefficient a (coeff) 

-.3331776014+01 .203+00 . ml 41 2062+02 .603+00 

a(eqs 1) = .393-03 
o(eqs 2) ~ .236-02 
a(eqs 3) k .104-02 

Experimental Data Employed in Generation of Correlatins Equations 

6Gex/J o kg-1 

till 
.0002 
.0008 
.:1006 

-1 • 
-2 • 
-~ . 
-5 • 
-7 • 
-9 • 

-11 • 
-13 • 
-l5 • 
-l8 • 
-49 • 
-87 • 

-1~1 • 
-179 • 
-230 • 
-285 • 
-342 • 
-401 • 
-463 • 

coefficient 

.5465733752+01 
-.3231067553+01 

a (coeff) 

.895-01 

.266+00 

Berka and Masterton [IZ). Vapor pressure osmometry measurements performed at 37°C. ~l and ~c data 
for COCI Z were used to adjust this data to 25°C. Assigned weight is 1.0. 

mime I 0 kg- 1 
~298. 15 

.030ClOO .6380 

.040000 .8220 

.050000 .8110 

.070000 .79~O 

.1tOOOO .7830 

971 

J. Phy •. Ch.m. R.f. Data, Vol. 8, No.4, 1979 



,),(}OO 

2.500 

2.000 

1.500 

1.000 

.500 
('oj 

4-
0 

s..~ 
<lX 

0 

-.500 

-1.000 

-1.500 

-7.COO 

-2.~OO 

-3.000 
0 

GOLDBERG, NUnALL, AND STAPLES 

.0100 .0200 .0300 .0400 .0500 .0600 
Uolality/mol kg-' 

6 Berka and Masterton [12] - vapor pressure osmometry 

J. Phy •• Chem. bf. Data, Vol. 8, No.4, 1979 

.0700 .0800 .0900 .1000 
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Recommend Values for the mean activity and osmotic coefficient of [CO(NH3)5CH3COO)Br2 in H20 at 298.15 K 

Coefficients of Correlatins 

~ 

Par coefficients 

1 .98780331:11+00 
2 -. T§3526956 7+00 
3 -. ~9375294-02 
4 

mlmol'kg-1 
y '/I a 

w 

.001 .8848 .9602 ... <;9948 

.002 .8440 .9454 ..... 9898 

.003 .8149 .9~.7 • <;<;9848 

.004 .7919 .<;2EO • <,;<;9800 

.005 .77215 .9187 • .. <;9752 

.006 .7559 .9122 • <;<;<;704 
• ::lOT .74.11 .'IlO(;5 • ~?,!::6S'7 

.008 .727<; ... 013 • <;<;<;610 

.009 .715e .'8<;65 ... 99564 

.010 .70.e .8<;21 • <;<;<;518 

.020 .6263 .8598 • <;99071 

.030 .576e .63e5 • <;<;e641 

.040 .5407 .8::<26 • <;98223 
• 050 .512 • .e098 • <;97814 
.060 .489:<: .7<;92 ... <;7412 
.070 .4t"<;7 .7<;101 • ';'07015 
.080 .4"529 .78::<2 • <;96624 
.090 .4381 .77!2 • ';<;6237 
.100 .4250 .?fiS9 • S9585;:! 
.200 • .3426 .7276 • ';<;2166 
.;:Joo .11l'lleO .'70:35 • ?ee6S'ZI 

.400 .2681 .6e59 • .;e5282 

.500 .2460 .6715 • ge2018 
.600 .2286 .U!!9 • 97El860 

m/mol'kg-l S2..@. .ill:!I2. 

.001 

.010 
.100 
.600 

Eguat Ions 

.,(coeff) 

.179-01 

.410-01 

.350-01 

.0000 

.0002 

.0006 

.0011 

coefficients 

-.4217930037"'01 
.2351029944+02 

- . 2400 114309+02 
.1047111653+02 

.0001 

.C005 

.0019 

.0022 

o (coeff) 

• 259+0U 
.131+01 
.225+01 
.127+01 

o(eqs 1) = .125-02 
.,(eqs 2) = .245-02 
o(eqs 3) - .786-03 

Experimental Data Employed in Generation of Correlating Equations 

AGex/J'kg-1 

£.ill 

.0001 

.0004 

.0008 

.0005 

-1 • 
-2 • 
-3 • 
-5 • 
-7 • 
-9 • 

-11 • 
-13 • 
-15 • 
-18 • 
-49 • 
-87 • 

-130 • 
-178 • 
-.229 • 
-28 •• 
-342 • 
-402 • 
-.64 • 

-11S8 • 
-204O • 
-2981 • 
-3993 • 
-5064 • 

coefficients 

.~96686Z035+01 
-. bTIiIi418G 79+01 

.2649536945+01 

o (coeff) 

.3Ib-Ol 

.893-01 

.668-01 

Berka and Hasterton [12]. Vaporpress'ure osmometry measurements performed at 3rC. <ilL and <IIc data 
for CoC1 2 were used to adjust this data to 25°C. Assigned weight is 1.0. 

m/mol'kg-
1 

8298.15 

.0.30000 
.0'UlOOO 
.QSOOOO 
.C70000 
.1eOOOO 
.200000 
.:!IOOOOO 
.4CCOOO 
.!Seoooo 
.ECOOOO 

.8380 

.8210 

.e090 

.7900 

.7700 

.7290 
.7040 
.te50 
.6700 
.6600 

J. Phy.. Chern. Ref. Data, Vol. 8, No.4, 1979 
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J.COO 

2.500 

2.000 

1.500 

1.000 

.500 

o 

-.500 

-1.000 

~::::: l 
-2.500 l 
-J.OO(' '---....... -------"-----'---....... --......... - ...... --........ --......... ---'---------' o .050 .100 .150 .200 .250 .300 .350 .400 .450 .500 .550 .600 

Molality/mol k9~' 

~ Berka. and Masterton [IZ] - vapor pressure osmometry 

J. "hy •. Cham. R.f. Doto, VClI. 8, NCl. 4, 1979 
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Recommended Values for the mean activity and osmotic coefficient of [Co(NH
3

)SCH
3

COO]CI 2 in H20 at 298.15 K 

m/lllolokg-1 
"Y 0 a w 

.001 .8830 .9593 • 999948 

.002 .8409 .9437 • 999898 

.003 .8107 .9323 • 999849 
.004 ' .7867 • .9230 • .999800 
.006 .7665 .Q150 • ~<;I975::3 

.006 .7490 .9080 • 999706 

.007 .7335 .9018 • 999659 

.008 .7196 .8961 • 999613 

.009 .7069 .6909 • 999567 

.010 • f:J 9::>':: .~aOl • ~'S1'S1lOlU 

.020 .61.32 .8512 • 999080 

.030 .5619 .8287 • 998657 

.040 .5250 .8124 • 998245 

.050 .4966 .7999 • 997841 

.060 .47.36 .7900 • 997,442' 

.070 .4545 .7818 • 997047 

.080 .4382 .7749 • 996655 

.090 .4241 .7691 • 996266 

.100 .4117 .7640 • 9<;15870 

.2001 .33.-..9 .7:il20 • 992118 

.300 .2919 .7079 • 988588 

.400 .2615 .6852 • 985296 

.500 .2396 .6699 • 982059 

.600 .zzc>o .0/10 • 9704::10 

m/mol'ks-1 
~ ~ 

.001 

.010 

.100 
.600 

Coefficients of Correlatln9 Eguations 

Eqs 1 

Par coeff i ci ent a (coeff) 

1 .9220308995-01 .423+00 
2 . 3E09046 1 70+0 1 .276+0] 
3 - .1i1i7l\150070+01 .109+01 
4 .2993927293+01 .595+00 
S 

.0001 .0002 

.0007 .ClOl5 

.0020 .0059 

.0162 .0304 

~ 
coefficient a (coeff) 

-.9298519237+01 .S89+00 
.5635548423+02 .434+01 

-. 105926559;1+03 .121+02 
.1010399493+03 .147+02 

-.3705374752+02 .657+01 

o(eqs 1) ~ .263-02 
o(eQs 2) = .194-02 
o(eqs 3) = .115-02 

Experimental Data Employed in Generation of Correlating Equations 

IIGex /J'kg-1 

.QJ.xl 

.0002 

.0011 

.0024 

.0069 

-1 • 
-2 • 
-:::I • 
-5 • 
-7 • 
-9 • 

-11 • 
-Hi • 
-16 • 
-19 • 
-51 • 
-90 • 

-136 • 
-186 • 
-240 • 
-297 • 
-357 • 
-42C • 
-484 • 

-1229 • 
-2096 • 
-3054 • 
-4085 • 
-~171 • 

~ 
coefficient 

.2749348039+01 
• 'f'28]122212+02 

-. 'liTcilI642937+02 
.1i1ib9339082+02 

-.1692672194+02 

a (coeff) 

.348+00 

.256+01 

.713+01 

.868+01 

.388+01 

BQ~kQ and Masterton [121. Vapor pressure oemometry me~suremente performed ~t 37°C. ~L ~nd ~c d~ta for 
CoC1 2 were used to adjust this data to 25°C. Assigned weight is 1.0. 

mlmol'kg-
l 

0298.15 

.030(:100 

.040000 
.050000 
.070000 
.1.,0000 
.20COOO 
.300000 
.400000 
.500000 
.600000 

.8250 

.8100 

.8000 

.7840 

.7C;70 

.7320 
.706':1 
.6850 
.6720 
.6710 

J. Phys. Chem. Ref. Data, Val. 8, No.4, 1979 
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C\I .,. 
0 

~x 

3.000 

2.500 

2.000 

1.500 

1.000 

.500 

0 

-.::;00 

-1.000 

-1.500 

-2.000 

-2.500 

-3.000 
0 

GOLDBERG, NUTTALL, AND STAPLES 

• 

.050 .100 .150 .200 .2.50 .300 .350 .400 .450 .500 .S50 .SOO 
I.lolality/mol kg·' 

& Berka and Masterton [12) - vapor pressure osmometry 

J. PhY$. Chem. Ref. Data, Vol. 8, No.4, 1979 



ACTIVITY AND OSMOTIC COEFFICIENTS FOR AQUEOUS SOLUTIONS 977 

Recommended Values for the ncnn activity and osmotic coefficient of [Co(NH3)S(CH3)ZCHCCO) (N0
3

)2 in H20 at 298.15 K 

m/molokg-l y 

.001 .S e41 

.ooe .8427 

.003 .el::2 

.004 .7897 
.005 .7700 
.006 .7529 
.007 .7377 
.008 .7241 
.009 .7117 
.010 .7003 
.020 .6191 
.030 .5£75 
.040 .5296 
.050 .40;ge 
.060 .4754 
.070 .454e 
.080 .43~<; 

.090 .4213 

.100 .4074 

.200 .3194 
.300 .2718 
.400 .2401 
.500 .216e 
.600 .1986 
.700 .1839 
.soo .171l! 
.900 .1612 

1.000 .1522 
1.250 .1342 
1.500 .1208 
1.7:;;0 .110::5 

2.000 .1020 
2.250 .a9~4 

2.500 .0901 

m/mol'kg -1 

.001 

.010 
.100 

1.000 
2.000 
2.5CO 

Coefficients of Correlating Equations 

I 
2 
3 
4 
5 
6 

coefficient 

.8912538286+00 
- .lli..027704S+00 

._1i1j1jl_43444 19-01 

u(coeff) 

.190-01 

.230-01 

.569-02 

0 a 
'IN 

lIG''''/J·kg-1 

.950;0; • 9<;9948 -1 • 

.9447 • 9<;ge98 -2 • 

.9:::,." • $'5'5£)'19 -::l • 

.9247 • <;<;9800 -5 • 
.9170 ..... 9752 -7 • 
.9103 ... 99705 -9 • 
.9()43 • " .. C;e58 -11 • 
.e .. e8 • 99<;611 -13 • 
.8937 • 999565 -16 • 
.8890 • <;99~20 -18 • 
.Sf43 • <;9<;;077 -50 • 
.8::10 • <;98£54 -89 • 
.8131 • 0;<;8244 -133 • 
.7ge6 • 997844 -183 • 
.7eE3 • 0;<;7453 -236 • 
.7757 • <;<;7070 -293 • 
.7(E3 • <; '!;f; 692 -354 • 

.7579 • C;'06~20 -416 • 

.7502 • <;'05953 -482 • 

.6<;79 • <;92484 -1248 • 

.f654 • ge<;269 -2160 • 

.6411 • 986237 -.3177 • 

.e213 • 98::!352 -4277 • 

.6044 .<;;80593 -5447~ 

.f895 • <;77945 -6679 • 

.5762 • 0;7!394 -7964 • 

.5£42 • 'i72929 -9298 • 

.S5.'!3 • 970540 -10677 • 

.52<;9 • 0;«:4831 -14297 • 
.5115 • 959384 -18132 • 
.'19'1'::5 • 954-056 -2214.9 ... 

.4871 • '5148711 -26322 • 

.4807 • <;43215 -30629 • 
.4782 • 9::7436 -35053 • 

£1& ~ 2..hl 
.0000 .0001 .GOOI 
.0004 .CC08 .0006 
.0015 .0040 .0016 
.0022 .OC63 .0010 
.0025 .0063 .0006 
.0041 .CC7e .0007 

coefficient coefficient 

-.5464119350+01 
.29421 87474+0? 

-.4063296042+02 
.3433603266+02 

-. i5061ji'"]406+02 
.2646021998+01 

o (coeff) 

.410+00 

.?15+01 

.456+01 

.470+01 

.234+01 

.451+00 

.5258751480+01 
- . 53li5li"S02 72 ... 0 1 

. 28'b5204740+0I 
-.5967808584+00 

u(eqs I) 
u(eqs 2) 
u(eqs 3) 

.452-02 

.452-02 

.454-02 

a (coeff) 

.105+00 

.253"'00 

.211+00 

.582-01 

J. Phys. Chern. Ref. Data, Vol. 8, No.4, 1979 
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lJMt_l~l~~Mt~!Jlt1J~!l).r_prhnll t IOIi of Cor re 1 at i ng Eguat ions 

...,,, ..... ",I l\;hlc"\DII (12). Vapor pressure osmometry measurements performed at 37°C. ~L and ~c data for 
t-M,j! IftH" \I~"cl \f) ildJUH this data to 25°C. Assigned weight is 1.0 

COlMlents 

-1 
m/mol'kg 

.030000 

.O~OOOO 

.050000 
.070000 

.100000 
.2CO'OO 
.300000 
.4COQ')0 
.50(,000 
.6ClOOOO 
.800000 

1. C'.ClOOOO 
1.!,;IlO!)OO 

2.000000 
2.50(1000 

The fit using equations 2 is difficult for this system. 

3.000 

2.500 

2.000 

. 1.500 

1.000 

.500 
A A 

N 

/' 6 -+ 
0 0 

s.~ 6 <lX 
~ 

6 

-.500 
6 

6 

-1.000 

-1.500 

-2.000 

-2.500 

.8280 

.8100 

.7970 

.7760 

.7520 

.7040 
.6710 
.6430 
.6190 
.5980 
.5680 
.5560. 
.5160 
.4890 
.47f:0 

-;:).000 ~ ______________________ ~ ______ ......J 

o 0400 1.600 2.000 2.400 

• Berka and Masterton [12] - vapor pressure osmqmetry 

J. Phy •• Ch.m. R.f. Data, Vol. 8, No.4, 1979 
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Recommended Values for the mean activity and osmetic coefficient of [Co(NH3)5(CH3)2CHCOO]IZ in H20 at 298.15 K 

m/molokg-1 y I/! a Ll Gex/J. kg-l 
w 

.001 .8S44 .9EOO •. 90;9948 

.00:2 .e432 .04eO • <;-;9.898 

.OO~ .8140 • 9::141 .9'59849 

.004 .79C7 .9253 • '$<;98CO 

.005 .7712 .917a • 999752 

.006 .7543 .9113 ... <;9705 

.IHI7 .7..:t1:ll4 ."'0:)4 • '!ii'!iiiC!!Ul 

.ooe .7250; .9COl .... 99611 

.009 .7138 .a952 • 999565 

.010 .7026 .a907 • C;<;9519 

.020 .4)~3~ .8577 • 99907::1 

.030 .5732 .e::u • <;'5 e645 

.040 .5368 .8199 .'598229 
.050 .5083 • 8.070 .<;97822 
.060 .4850 .70;63 • C;97421 
.070 .4664 .7671 • 'S~7027 

.080 .44a5 .7791 • 99.f56::17 

.090 .4337 .7720 ....... «:252 

.100 .4206 .7656 • 9<;5871 

.200 .3369 .721:3 • 0;92233 

.300 .2901 .f:<;06 • 98e86S 
.400 .2575 .C643 • 0;85742 
.500 .2:;29 .6414 • 98::816 
.600 .2139 .6232 • 97<;99:3 
.700 • 199:!! .6117 • 977124 
.800 .lee7 .6092 • '574005 

~/mol.kg-l 0(0) .2..C.&m:l £llL 

.001 .ocoo .0001 .0001 

.010 .0002 .0(,04 .0003 

.100 .ClCl04 .0013 .0005 

.eoo .OC08 .0015 .0003 

Coefficient!: of Correl;)tin~ Egu.ltions 

~ ~ 

!!.!::. cQcffl",l.mL o (coeff) coeffIcient o (coeff) 

I .8548590270+00 .188-01 -.5735326414+01 .309+00 
2 .2002751341+00 .600-01 .3391495217+02 .206+01 
3 -.9i'S"7716168+00 .855-01 -.5162782126+02 .514+01 

" • PiT2327723+00 .507-01 .~62977+02 1.558+01 
5 -.1365531608+02 .221+01 

a(eqs 1) '" .810-03 
o(eos 2) - .151-02 
a(eqs 3) = .467-03 

Experimental Data Employed in Generation of Correlating Equations 

-1 • 
-2 • 
-.3 • 
-5 • 
-7 • 
-9 • 

:-11 • 

-13 • 
-16 • 
-Ie • 
-49 • 
-ee • 
-131~ 
-180 • 
-.i.:3.2 • 
-:2S7 • 
-346 • 
-407~ 
-470 • 

-1204 • 
-2071 • 
-3037 • 
-4084 • 
-52CO • 
-6.:!i74 • 
-7·595 • 

coefficient 

.5905619652+01 
-. 6i60048487+0 I 

.2592563302+01 

o (coeff) 

.141-01 

.340-01 

.218-01 

Berka and Masterton [12]. Vapor pressure osmometry measurements performed at 37°C. $L and $c data for 
CoCI 2 were used to adjust this data to 25°C. Assigned weight is 1.0. 

m/me 1 • kg- I If 
"298.15 

.030000 

.040000 
.05COOO 
.0700CO 
.1COOOO 
.2COOOO 
.3COOOO 
.4CCCOO 
.5COOCO 
.ECOOOO 
.• 800000 

.8350 

.8190 

.8070 

.7e80 

.7660 

.7::20 

.6900 

.6640 

.6410 

.6240 

.6090 

J. Phy •. Chem. Ref. Data, Vol. 8, No.4, 1919 
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3.000 

2.500 

2.000 

1.500 

1.000 

.500 
N 
-+- do A 
0 0 s.- U. 

<1>< 

-.500 

-1.000 

-1.500 

-2.000 

-2.:500 

.100 .200 .300 .400 .500 .600 .700 .800 
Molality/mol kg-' 

6 Berka and Masterton [12] - vapor pressure osmometry 

J. PhYI. Chem. Ref. D"t", V .. r. 8. No, 4, 1979 
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Recommended Values for the mean activity and osmotic coefficient of [Co(NH3)~(CHJ)2CHC001Br2 in H20 at 298.15 K 

n/mol'k~-l y 

.001 .SE::!!! 

.002 .S416 

.003 .S117 

.004 .7879 
.OOl;; .7~7<; 

.006 .7506 

.007 .73!!2 

.OOS .7214 

.009 .7089 

.010 .6974 

.020 .6157 

.030 .5E42 
.040 .5270 
.050 .4980 
.060 .4745 
.070 .454e 
.080 .4379 
.090 .423::: 
.100 .4103 
.200 .::::;02 
.::100 .2.870 
.'100 .2:74 
.500 .2351 
.600 .2178 
.700 .2049 
.800 .19(;2 

m/mol'kg-1 

.001. 

.010 
.100 
.aoo 

Coefficients of Correlating Eguat ions 

~ 

Par, coefficient o (coeffl 

1 .5675899742+00 .465-01 
2 .T15736394 I 0+01 .191+00 
3 -. 1bT204 7846+0 1 .224+00 
4 • §ii380711 58+00 .121,+00 

0 a 
...ll: 

llG
ex /.1' kl~-J 

.9!!95 • 959948 

.9441 • 5'So;898 

.9:::29 ..... 5S49 

.92:37 • SS9800 
.9159 • <;<;9753 
.9090 • <;<;<;70S 
.sC2S • <;S<;65B 
.a<;72 • 9<;<;612 
.a<;21 • SSS566 
.E873 • <;«;9521 
.8!!25 • <;<;<;079 
.S297 • <;<;E656 
.S128 • <;98244 
.7<;95 • <;<;7842 
.7EE6 • <;S7446 
.77<;S • 9<;7055 
.7717 • <;9E:669 
.7E:SO • 9<;e28t 
.7590 • <;<;5906 
.7219 • <;92.2.27 
• E:C;C;O • <;E8731 
.67QA • ClI'!'lA::>t 

.E:f20 • o;E2269 

.6487 • 97918:3 

.6424 • 975991 

.6463 • 97.2442 

0(0) ~ £ill. 

.0001 .0001 .0001 

.0004 .OCOS .000~ 

.0008 .OC27 .0011 

.0018 .00;:12 .0006 

coefficient o (coeff) 

-.7259326751+01 
.1iTT3308788+02 

- • b52i31i84 359+02 
• Slt712lt \ 288.02 

-. 1777257511+02 

.429+00 

.286+01 

.714+01 
.775+0\ 
.307+01 

o(eqs 1) 
o(eqs 2) 
cr(eqs 3) 

.179-02 

.210-02 

.14!J-02 

-1 • 
-2 • 
-3 • 
.-5 • 

-7 • 
-9 • 

-11 • 
-1;:1 • 
-16 • 
-la • 
-50 • 
-90 • 

-135 • 
-185 • 
-238 • 
-295 • 
-35S • 
-418 • 
-483 • 

-1234 • 
-2.113 • 
-.3t1s:; • 
-4127 • 
-5233 • 
-6390 • 
-7567 • 

coefficient 

.4884191854+01 
-.2507992432+01 
-. 1772302768+01 
.~(,lt051)+01 

o icoeffl 

.111+00 

.482+00 

.718+00 
·353+00 

J. Phys. Chern. Ref. Data, Vol. 8, No.4, 1979 
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Experimental Data Employed in Generation of Correlating Equations 

Berka and Masterton [121. Vapor pressure osmometry measurements performed at 37·C. ¢L and ¢c data 
for CoC1 2 were used to adjust this data to 25·C. Assigned weight is 1.0. 

m/mol o kg -1 
"298.15 

.030000 .8270 

.040000 .8110 
.050000 .7990 
.070000 .7810 
.1'30000 .7610 
.200000 .7230 
.30()~00 .6980 
.~ooooo .6760 
.500000 .6620 
.600000 .6500 
.800000 .6460 

3.000 

2.500 

2.000 

1.500 

1.000 

.500 

N 

'" <!. ..... 00+-
0 0 

<!."" s.~ 
<lX <!. 

-.500 

-1.000 r 
I 

-1.500 

-2.000 

-2.500 

-3.000 L-_________ -'--_......-__ ---'-_-'-_~__" _ __'_ _ _'__"'____' _ _:_"'"--'-_::: 
o .100 .200 .300 .400 .500 .600 .700 .800 

Molo\ity/mol kIf' 

~ Berka and Masterton [121 - vapor pressure osmometry 

J. Phys. Chern. Ref. Data, Vol. 8, No.4, 1979 
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[Co(NH3)s(CH3hCHCOO]CI2 

Recommended Values for the mean activity and osmotic coefficient of [CO(NH3)5(CH3)2CHCOO]CI2 in H2O at 298.15 K 

m/mol.kg-1 y 0 a flGex/J.kg-1 . 
w 

.001 .8844 .9600 • 999948 -1 • 

.002 .8433 .9451 • 9Sl989S -2 • 

.003 .S141 .93~2 • 999849 -3 • 

.004 .79~8 .9254 • 999800 -5 • 

.005 .7713 .9179 • S99752 -7 • 

.006 .751l4 • 9113 .9997C5 -9 • 

.007 .7395 .9055 • 999658 -11 • 

.008 .7261 .9001 • 999611 -1:: • 

.0010 .7139 .8952 .999565 -16.· 

.010 .7027 • SSl07 .999519 -16 • 

.020 .6233 .8577 • 999073 -49 • 

.030 .57:33 .8360 • 998645 -68 • 

.040 .5368 .8199 • 996229 -131 • 

.050 .5084 .8070 • 997822 -180 • 

.060 .4852 .7964 • 997421 -232 • 

.0:70 .4656 .7874 • 997025 - -287 • 

.080 .4489 .7797 • 996634 -345 • 

.090 .4343 .7730 • 996247 -406 • 

.100 .4214 • 7670 .995863 -469 • 

.200 .3414 .7 .. 08 • 00:.01 .. 1 -1198 • 

.300 .2998 .7139 • 988492 -2049 • 

.400 .2732 .7045 • 1iI84884 -2981 • 

.500 .2542 .6991 • 981285 -3974 • 

.600 .2396 .6960 • "'77683 -5015 • 

.7QQ .<i:!;O:~" .«)5144 • >17407.:1 -60>15 • 

.8CO .2191 • 6937 .970452 -7209 • 

.900 .2114 • 6937 .966820 -8352 • 
1.0CO .2048 .6942 • 963175 .-9519 • 
1.250 .1918 .6969 • 954012 -12531 • 
1.500 .1823 • 7007 .944781 -1565(\ • 
1.750 .1749 • 7050 .935491 -18855 • 
2.000 .1690 • 7097 .926152 -221:31:' • 
2.250 .1641 • 7146 .916774 -25463 • 
2.&00 .1601 • 7194,. .907.,11>7 -200.7 • 

m/mol' kg -.: £ill ~ Ei.rl 
.001 .OOCO .,;)01)1 .0001 
.010 .0002 .0005 .0003 
.100 .0011 .e.027 .0011 

1.000 .0017 .0067 .0014 
2.000 .0027 .,),)68 .0011 
2.500 .00.'37 .0071 .0011 

Coeffi cI ents of Correlatinl1 Equations 

!.9.U ~ I9!..l. 
Par coefficient a (coeff) coefficient a (coeff) coefficient a (coeff) 

1 .8~113482~0+00 .100-01 -.5354876648+01 .385+00 .5141661184+01 .179+00 2 .1618118279-01 .535-02 .3079356425+02 .202+01 -. 1954961021+01 .940+00 3 ~.1i'3"5"nT2886+02 .427+01 -.5737694200+01 .199+01 4 • 371 8596848+02 .441+01 .92165944]2+01 .205+01 5 - _ 11Jil'i1iT3614"'02 .220 ... 01 -.5250)0497G+OI .102+01 6 .2888405746+01 .423+00 . 1064547987+0 I .197+00 

a(eqs I) .492-02 
a(eqs 2) .. . 424-02 
a (eqs 3) .. • 197-02 

J. Phys. Chern. Ref. Data, Vol. 8, No.4, 1979 
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~ttJ~~l-9~ imployed In Generation of Correlating Eguations 

"r~A And MA.terton [12]. Vapor pressure osmometry measurements performed at 37°C. ~L and ~c data 
'Of (.0(1

1 
WHet used to adjust this data to 25°C. Assigned weight is 1.0. 

m/rool'kg -I °298.15 

.0 :1!0000 .8320 
.04COOO .8U:0 
.050000 .8050 
.070000 .78eO 
.1C~000 .77QO 
.2COOOO .7:!90 
.3(10000 .'7'20 

.4COOOO .7080 
.!StOOOO .6980 
.60tOOO .6<;00 

.800000 .6850 
1.CtOOOO .t>S20 
105CCOCO .7030 
2.COOOOO .7100 
2.5COOOO .7~10 

3.000 

2.000 

2.000 

1.500 

1.000 
Ib. A 

.500 
Ib. 6 

N 
+ ... 
0 0 

~x A 
of> 

-.500 
iii> 

.A 

Ib. 
-1.000 

-1.500 

-2.000 

-2.500 

-3.000 
0 • .roO .BOO 1.200 

Molality/mol kg-' 
1.600 2.000 2.<400 

& Berka and Masterton [12] - vapor pressure osmometry 

J. PhYI. Chem. Ref. Data, Val. 8, No.4, 1979 



ACTIVITY AND OSMOTIC COEFFICIENTS fOR AQU!OUS SOLUTIONS 

Recommended Values for the mean activi ty and osmotic coefficient of 
trans-ICo(C2HSN2)NH3N02](N03)2 in H20 at 29S.15 K 

y 0 a IlGex/J'kg-l 
...!: 

.001 .SS4~ • 9599 .9'59948 -1 • 

.002 .8429 .9449 • 0;0;9898 -2 • 

.003 .SI3! • 9338 .o;'!i'!i849 -3 • 

.004 .7901 ... 249 .0;0;9800 -5 • 

.ooe .110,. .'li1?3 ..... 9752 -7 • 

.006 .7533 • 9106 ... 99705 -9 • 

.007 .7382 • 0;045 .0;0;'5658 -11 • 

.008 .7241f 
.009 .7122 

.8'!i91 • 990;611 -13 • 
• 80;40 .~99565 -16 • 

.010 .7009 • 8894 .9<;19519 -18 • 

.020 .El'!i7 .SS47 • '5'1O'!i077 -50 • 

.030 .5680 .S:!11 • 998653 -89 • 

.040 .5300 .8130 • '!io;8244 -133 • 

.0,",0 .5000 .'708.1 • II!;.og7e ... e -1e" • 

.060 .47!:3 .78e4 ... 97457 -236 • 

.070 .4543 • 7742 .'100;7075 -293 • 

.080 .43«:2 .7E43 • 'ii'!i6701 -353 • 

.090 .4202 .7553 • 99El33 -417 • 

.100 • .-Oeo .7471 • 1ic.;~971 -482 • 

.2CO .:!14~ .6871 • 0;92EOl -1255 • 

.300 .2E36 • E4f6 .980;587 -2184 • 

.400 .2i91 .6U!2 • 986853 -:-3230 • 

.500 .203E .5840 • 984343 -4371 • 

.600 .1839 • SEOI .982002 -5!S93 • 

.700 .1682 • f403 .970;765 -6886 • 
.800 .1!S5E • 52!S0 .977557 -8241 • 

m!mol.kS -1 .2.®. .21!!rll .<llll 
.001 .0000 .oeoo .0000 
.010 .0001 .0002 .0001 
.100 .0002 .cooe .0002 
.eoo .000'" .0007 .OOUI 

985 

Coefficients oOf Correlating Equations 

!9.W. 

f.!!:. coefficients a(coeff~ 

1 .9410941796+00 .861-02 
2 - .5Qb4808420+00 .260-01 
3 -. ~3S57214-0 I .391-01 
4 • 11i02876903+00 .236-01 
5 

~ 

coefficient 

-.5469081010+01 
.2973169058+02 

-.4205139785+02 
.3359673389+02 

-.1070282166+02 

a (coeff) 

.167+00 

.111+01 

.2]8+01 

.302+01 

.120+01 

a(eqs 1) •• 392-03 
a(eqs 2) - .830·03 
a(eqs 3) •. 444-03 

~ 

coeffl clent 

.6056465915+01 
-.96B'7lI54751+01 

.T0'94'8255 1 4+02 
-.769fB14214+01 

.2475347024+01 

(coeff) 

.893-01 

.595+00 

.149+01 

.162+01 

.640+00 

J. Phys. Chem. Ref. Data, Val. 8, No.4, 1979 



986 GOLDBERG, NUnALl, AND STAPLES 

Experimental Data Employed in Generation of Correlating Equations 

Ha.sterton et al [21]. Vapor pressure osmometry measurements performed at 37°C. '»l and 4le data for 
CoC1 2 were used to adjust this data to 25°C •. Assigned weight is 1.0. 

mlmol o kg- I 
'298.15 

.030000 .8320 

.0.0000 .8130 
.050000 .7980 
.060000 .'78'50 

.080000 .7640 

.100000 .7.70 
0200000 .6e70 
.300000 .646 0 
.400001;) 0lH20 
.50QOOO .5840 
.600000 .56110 
.eooooo .5250 

3.000 

2.500· 

2.000 

1.500 

1.000 

.500 

"" + ;to 
0 0 --$. ... 

<IX 

-.500 

-1.000 

-1.500 

-2.000 

-2.500 

.100 .200 .300 .400 
Mololity/mol kIf' 

.500 .600 .700 .800 

~ Hasterton et al [21] - vapor pressure osmometry 

J. I'by •. Chem. Ref. Data, Val. 8, N«>.4, 1979 



ACTIVITY AND OSMOTIC COEFFICIENTS FOR AQUEOUS SOLUTIONS 987 

trans-[Co{C2HaN2)NH1N02]12 

mfUlOJ..'k.g-1 
"( ~ '" w 

AGex/J·lI.i-1 

.001 .88"1 .9!S99 .9CJi9948 -h 

.002 0,8429 .94149 • 0;«;9898 -2 • 

.003 .8136 .9:1!40 .CJi<;98,,9 -41· 

.004 .7<;0:1! .9252 • 0;90;800 -5 • 

.005 .7708 .9177 • 999752 -7 • 

.006 .7!539 .9112 • 0;9<;705 -9 • 

.007 .1390 .9054 • <;9 fiii6S8 -11 • 

.ooe .. 7tH$" .<;;COI • ~~~61 t -13 • 

.009 .'r13E .8953 • <;99565 -16 • 

.010 .1025 .8<;09 • 9'ifiii519 -IS • 

.020 .6241 .8590 • 999072 -49 • 

.0'30 .5750 .8384 ... <;8E42 -87 • 

.040 .5.:393 .52.:0 • 'i .. ezzz l:a • 
.050 .5113 .elOE • 9'!ii7812 -\79 • 

.060' .48e3 .7!O99 .<;97409 -231. 

.070 .4EeE .7fiii04 • 0;97014 -285 • 

.oeo .4515 .7817 • 996626 -343 • 

.090 .4362 .1734 • <;9f24!5 -404 • 

.100 .4224 • 7tlS5 .... ·.Hltl7l -467 • 

.200 .'32tl7 .6CJi39 • 992527 -1209 • 

.300 .2.719 .f._50 • ge9596 -2113 • 

m/mol.ks-1 .£ill.. Ei!m2. £ill 

.001 .0001 • 0001 .0001 

.010 .0003 .0006 .0004 

.ICO .0003 .0008 .0003 

.300 .0004 .0011 .0003 

Coefficients of Correlatinll Equations 

!sL!.. ~ 

~ coefficient o (coeff) coefficient a (coeff) coefficient a (coeff) 

1 .5030807927+00 .702-01 
2 .2253042069+01 .365+00 
3 -.51814962+0 I .760+00 
4 .12'56280010+02 .974+00 

-.6485233624+01 .281+00 
. .!i.!z.s71 0 165+02 .195+01 

-.7230488756+02 .459+01 
.4961577283+02 .358+01 

a(eqs I) •• 432-03 
a(eqs 2) - .850-03 
o(eqs 3) = .363-03 

Experimental Data Employed in Generation of Correlating Equations 

.5518860419+01 
- .lE'S'600 177+00 
- . TIn 8881629+02 

.1688478621+02 

.120+00 

.831+00 

.196+01 

.153+01 

Masterton et al [21]. Vapor pressure osmometry measurements performed at 37°C. ~L and ~c data for 
CoC'2 Wel-e ... sed to adju5t this data to 25°C. Assi9ned weisht Is 1.0. 

m/mol' kg-I 

.030DOO 
.040000 
.050000 
.060000 
.080000 
.100000 
.200000 
.300000 

.o;:Jeo 

.8230 

.e110 
.8000 
.7820 
.7f:50 
.69 .. 0 
.6450 

J. Phys. Chern. Ref. Dutu. Vol. 8. No.4. 1979 



988 GOLDBERG, NunALL, AND STAPLES 

3.000 

2.500 

2.000 

1.500 

1.000 

.500 
<'I .... 
0 

&.-
<lX 

0 

-.500 

-1.000 

-1.500 

-2.000 

-2.500 

-3.000 
0 .0400 .0800 .1200 .1600 .2000 ;2400 .2800 

Molality/mol kO-' 

• Masterton et a1 (21) - vapor pressure osmomitry 

J ... It yo. Cit.",. R ... Da .... Vel. I. No.4, 197P 



ACTIVITY AND OSMOTIC COEFFICIENTS FOR AQUEOUS SOLUTIONS 989 

Recommended Values for the mean activity and osmotic coefficient of trans-[Co{C2H8N2)NH3N02]Br2 in H20 at 298.15 K 

mlmol'kg -1 y 

.001 .8844 
.002 .1i'l33 

• 003 .8141 
.004 .79128 
.005 .7712 
.00ti .7542 
.007 .7~'i~ 

.008 • 7257 

.009 .71.35 

.010 .7022 
.020 .ti218 
.030 .5705 
.040 .5328 
.050 .5031 
.0tiO .4786 
.0'70 .4578 

• 080 .4.399 
.090 .4240 
• 100 .4099 
.200 .3195 
.;:'00 .i::C"iIb 

.400 .2359 

.500 .2112 
.tiOO .1920 
• 700 .1765 
.800 .1637 
• 900 .U5.30 

1.000 .143e 
1.250 .1260 
1.500 .1130 
1.750 .1032 
2.000 .0956 
2 .• 250 .Oe95 
2.400 .0864 

m/mol'kg-1 

.001 

.010 

.100 
1.000 
2.000 
2.400 

CoeffIcients of Correlating Equations 

1 
2 
3 
4 
5 
6 

I2...l 
coefficient CJ (coeff) 

.331-01 

.535-01 

.331-01 

.738-02 

0 a 
.....! 

6Gex/J'kg-1 

.9600 • 9999.8 -1 • 

.'!HU .<;1i<;e<;;e -z • 

.9~"2 • 9~ge49 -3 • 
• 92!!.3 .0;<;9800 -5 • 
.9178 • S<;9752 -7 • 
• SIlI .9<; .. 705 -9 • 
.9052 ... 9«;658 -11 • 
.eo;S8 .... «;«;till -13 • 
.eC;48 ... 99565 -16 • 
.8 .. 02 ....... 519 -18 • 
• 8561 .9'!ii9075 -49 • 
.8330 '<;"8650 -88. 
• e152 ..... 8239 -132 • 
.eC06 • <;97839 -181 • 
.7ee2 • <;<;7447 -234 • 
.'7'774 • <;'II70C;:::I -Z'l • 
.7677 .99i1i686 ";'350 • 
.7589 ..... 6315 -413 • 
.7509 • 995950 -.78 • 
.eS3«5 .«;92531 -12"2. 
.6:;54 • 989430 -2156 • 
.ti257 • "811!i563 -3183 • 
.ti012 .983e~4 -4299 • 
.5804 • 981356 -5492 • 
.5E;;:4 • 978949 -6751 • 
.54«57 .97E640 -8069 • 
.5:!30 • 974 .. 05 -9440 • 
.5212 ... 72226 -10860 • 
.4 .. eO • 966915 -14593 • 
.4825 ... 61E .. 3 -185 .. 9 • 
... 726 .9!6.281 -22689. 
... flO .950777 -26984. 
... 639 • 94£147 -31410 • 
.4E27 ..... 1744 -34123. 

.!!.W. s.i&!!.::Ll. .2.i:rl 
.0001 .0002 .0001 
.OOO! .0012 
.0018 .0052 
.0022 .0063 
.0031 .0077 
.004 .. .CO'?7 

!s!..l 
coefficient 

-.5205317126+01 
.~61422+02 
.402~~;054''''02 
• 350 1 349+02 

-. T'5!Jb1+b4626+02 
.2866917885+01 

.0008 

.0021 
.. 0009 
.COo., 
.000" 

o (coeff) 

.438+00 

.237+01 

.51h-OI 

.536+01 

.271+00 

.529+00 

a{eqs 1) •• 458-02 
o{eqs 2) •• 495-02 
a(eqs 3) •• 387-02 

coe ff I cI ent 

.5986852959+01 
- • '!lJ3'3lj0 1811 +0 1 
.701~1~It03:tHl1 

-."3Om16233+01 
.5494769115+00 

o (coeff) 

.172+00 

.639+00 

.~17+O0 

.578+00 

.133+00 

J. Phy •• Chem. R.f. Dala, Vol. 8, No.4, 1979 



OOL08ERG,NUTTALLj AND STAPLES 

,'!Jl.r Il!JI.1tlto I bl!t41 tme10yedfn Generation df Correlating Equations 

Mosterton et al [21J. Vapor pressure osmometry measuremen~s performed at 37°C. ~L and ¢c data for 
CoCI 2 were used to .adjust this data to 2S·C. Assigned weight is 1.0. 

m/mol'kg- 1 
"298.15 

.030000 .8290 
.040000 .8110 
.OSCOOO .7980 
.0150000 .7860 
.080000 .7680 
.100000 .7530 
.200000 .7000 

.300000 .6610 
.400000 .6270 
.500eOO .5980 
.600000 ,S730 
.800000 .5420 

1. COCOOO .S2S0 
1.200000 .5(160 
1.6COOOO .4770 
2.()OOOCO .4640 
2.400000 .4640 

3.000 

2.500 

2.00D 

1.500 

1.000 

4- ,:. .. .seo 
4-

"I 4-+ 4-
0 0 s.-

<IX ,/; 
4l. 

4-

-.500 4-

4-

-1.000 

-1.500 

-2.000 

-2.500 

-3.000 L.-_-'--_--.L __ '""'-_-'-_--' __ ~ ___ __' __ _"__~ _ ___' _ __.J 

o .400 .SOO 1.200 
Uololity/mol kg-' 

1.600 2.000 2.400 

II Masterton et al [21 J - vapor pressure osmometry 

I. Phl'I. Chem. Ref. Data, Val. 8, No.4, 1979 



ACTIVITY AND OSMOTIC COEFFICIENTS FOR AQUEOUS SOLUTIONS 991 

Recommended Values for the mean activity and osmotic coefficient of trans-[Co(C2HSN2)NH3N02]CI2 In H20 at 298.15 K 

m/mol'kg-1 
y 

.001 .ee51 

.002 .8446 
• 003 .SlS8 
• 004 .-7930 
• 005 .173e 
• 006 .157~ 

• 007 .7427 
• OllS .7295 
• 009 .717t 
• 010 .7067 
• 020 .6290 
• 030 .57<;;8 
• 040 .5438 
• 050 .51Se 
.000 .4<;2::1 
• 070 .4727 
• oao .4557 
• 090 .4408 
• 100 .4275 
• 200 .3426 
• 300 .2959 
• 400 .2646 
• 500 .2415 
.600 • .22:3: 

• 700 .2091 
• aoo .1972 
• 900 .1871 

1.000 .17e6 
1.250 .1620 
1.500 .1501 
le75~ .1411 
2.000 .1341 
.2 • .250 .t21't4 
2.400 .1254 

m/mol'kg-1 

.• 001 
.010 
.100 

1.000 
2.000 
2.400 

Coefficients of Correlating Equations 

1 
2 
3 
4 
5 
6 

coefflcieflt 

.1031333364+01 
-.4500087573+00 

.1595421536+00 
-. 2230783721-01 

a (coeff) 

.Z33-01 

.424-01 

.270-01 

.611-02 

0 a -w 
LlCex/J'kg-1 

.<jlO04 • "'''''''':iI4tl 

.'li4e8 .o;'!i'li898 

.9'::52 ....... 848 

.9267 .0;<;9800 
.9194- .0;<;9752 
.9131 .0;0;'5704 
.9074 .<;9 .. 657 
... 023 .<;<;;9610 
.': .. 76 .999563 
.8932 .SS0;517 
.8615 .0;99069 
.1:404 .0;0;8638 
.1:245 .0;98219 
.Sl17 ..... 7809 
• 8009 ."97406 
.7"16 ... 0;7010 
.7834 .'50;6619 
.77eO ..... t232 
.769.:3 ."Q!!U'H'll 
.7235 .... 92210 
.6949 .ge8796 
.6738 .0;85540 
.6571 • 982399 
• (;4:3(; .i'iii7'i#"4::: 
.6'::26 • 97E3S2 
.e235 .0;73400 
.6162 .97C473 
.tl03 .'567!!:S3 
.6009 .960215 
.S0;74 .91::2722 
.50;79 .945021 
.eOC6 .<;37138 
.45040 .9.1l91'''11 
.e057 .924437 

.2:.W.. Ei&!!rl 2l:Yl 
.0001 .0001 .0001 
.0001:: .C011 .OOOS 
.0016 .0045 .0019 
.0018 .0054 .0010 
.00106 .G066 .Q009 
.003S .C066 .oooe 

coefficient a (coeff) 

-.4461734423+01 
. '2b7§'690338+02 

-.3728105309+02 
.3216931328+02 

-. 1439312904+02 
.2572301164+01 

.385+00 

.208+01 

.449+01 

.471+01 

.238+01 

.465+00 

a (eqs 1) 
- a(eqs 2) 

c,(eqs 3) 

.389-02 

.435-02 

.305-02 

-1 • 
-2 • 
-~ . 
-5 • 
-7 • 
-9 • 

-11 • 
-13 • 
-15 • 
-18 • 
-48 • 
-86 • 

-129 • 
-176 • 
-227 • 
-282 • 
-.339 • 
-398 • 
-461 • 

-1182 • 
-2036 • 
-2985 • 
-4009 • 
-="9::; • 
,..6235 • 
-7421 • 
-8648. 
-9912. 

-13209. 
-16667. 
-20252. 
-23941 • 
-2771e. 
-30021. 

coefficient 

.6519378,23+01 
-. '8Eb6682905+0 1 

.7232420854+01 
-.3053021421+01 
.~163719665+00 

cr(coeff) 

.1351"00 

.503+00 

.722+00 

.455+00 

.105+00 

J. Phys. Chern. Ref. Data, Vol. 8, No.4, 1979 
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Experimental Data Employed in Generation of· Correlating Equations 

-Mas terton et a I. [211. Vapor pressure osmometry· measurements performed at 37°C. ~l and $ c data for 
CoCl 2 were used to adjust this data to 25°C. Assigned weight is 1.0. 

mlmolokg- I 
J'l298.15 

.0.30000 .8370 
.OAOOOO .8210 
.050000 .8090 
.060000 .7980 
.080000 .7830 
.100000 .7700 
.200000 ."290 
.300000 .7010 
.4(lOOOO .6760 
.500000 .6550 
.6(:0000 ,6380 
.eooooo .01'90 

1.tooooa .6120 
1.200000 .6.070 
1.6COOOO ,5960 
2.000000 .6000 
2.4CCOOa ,6060 

3.000 

25(,)(') 

2.000 

1.500 

1.000 

.500 b £ 
£ 

IN b b -+ £ 
0 0 ... 

&.~ 
<IX ,eo £ 

-.500 £ 
£ 

-1.000 

-1.500 

-:-2_000 

-2.500 

-3.~~------~--------------~--~----~--~----~--~----~--~ o .-400 .800 1.200 1.600 2.000 2.400 
Molality/mol kg-' 

~ Masterton et al [211 - vapor pressure osmometry 

J. Phys. Chem. R_f. Data, Val. 8, Na. 4, 1979 



ACTiviTY" AND OSMOTiCCOl:l=FICIENTS FOR AQUECnis SOLUTIONS' 

CiS-[Co(C2H,N2)NH3N02] (NO~)2 

Rec~lIII1ended VaiiJesfor the mean activity and osmltic coefficient of 
cis- [CO(C2ti8~2)NH3N02](N03)2in H20 at2g8.15K 

mlinol~kg-l y ~ :a .Wex/Jokg -1 
w 

.• ooi .• e84~ '.9599· • 999948 -1 • 
• 002 .e429' .• I04I'4e ~.~'li9898. -2 • 
.003 .Si34 .9338, • 'Ai 'li 10.849 -3 • 
• 004 .7899 .924S . -~"."9800 -5. 

'.005 .7"102 • COIl'72 ';QQQ'7!!12 "';7. 
.006. • ?ell .~lQ5 . ... s970e -9 • 
.007 ~73S0 .9044 ....... 658 "';il~ 
.OOS .7244 • 8 .. 89 ..... 1061.1 -13 • 
• 009 .7;1.20 .. • 8939 • 999565 . '-16 • 
.010 .7007 .8892 ..... 9520 -18 • 

·.020 ~619!S .• iill::.5 ..... S071 -50 • 
.030 .S67S .S310 • 'iS8~!3 -89 • 
.040 .S2ge '.8129 .0;98244 -133. 
.050 .4 .. ge .7981 ' ... 00;7846 -183. 
.060 .4752 .7855 • 991456 -236 • 
.070 .4!4~ • 774$ .'li'ii7074 -293 • 
.OBO .4362 • 7646 ."Se699. -35 •• 
.090.' .4203 .7E57 .99.e331 ~417.· 
.100 •• 01'>1 • .,,,.,16 .<;95961i\ ·-482.· 
.200 .3149 .ESe2 ..... 2eB9 -1255 •. 
.300 .• 2640 .6464 • 989574 '-218'2 • 
.400 .2293 .61;20 • ge6.856 ""'3227 • 
• 500 .203S . .5824 . • '9S4386 ·...;4368 • 
• ':'00 .le;,,,, . .. e:!iC~O • geZl0l:l -lSI591 • 

. . -i 
m!mol·ks ~. .!!.ili:il. .!!hl, 

• 0001 .0000 . .0001 .0001 
.·cno .0002 .C004 .0003 
~100 .C:I003 .oooe .0003' 
.600 .0.006 .0010 .0002 

CoefHcients of Correlating Equations 

1 
2 
3 
4 
5 

.!.9!...l 
coefficient 

.• 9191i 10165+00 
-.~988203+cio 
-;2105690548+00 

. ~ 2108699123+00 

a (coeff) 
.. 187-01 
.634-01 
.116+00 
.906-01 

coefficient 

-.5e09298312+01 
.3232462561+02 

-.4925788990+02 
.4232230189+02 

~.1461163169+02 

cJ(coeff) 

.212+00 

.156+01 

.434+01 

.528+01 

.236+01 

a(eq~ I) •. 567-03 
a(eqs 2) •• 716-03 
a (eqs 3) •. 782·-0). 

E.9.Ll 
coeffi ci ent 

.5758905962+01 
-.7567906060+01 
.5525137661+01 

-. 1679768012+0 I 

993 

a (coeff) . 

.798:-01 

.410+00 

.709+00 

.402+00 

J. Phys. Chem. R8f~Data, Vol: a,No.4, 1979 



994 GOLDBERG, NUTTALL, AND STAPLES 

Experimental Data Employed in Generation of .Correiating Equations 

Masterton et al [211. Vapor pressure osmometry measurements performed at 37·C. ~L and ~c data for 
CoC1 2 were used to adjust this data to 25·C. Assigned weight is 1.0. 

-1 m/molokg· ~298.15 

.0:30000 .e::U!O 
.040000 .~H30 
.0::'\::\100 .7'S1cO 
.Ct;COOO .7850 
.OSOOOO .7650 
.1eOOOO .7470 
.200000 .6S80 
.300000 .6470 
.4CeOOO .6120 
.5(0000 .5e20 
.6COOOO .5570 

3.000 

2.500 

2.000 

1.500 

1.000 

.500 
N 
+ 
0 0 

s.~ 
<JX 

-.500 

-1.000 

-1.500 

-2.000 

-2.500 

-3.000 
0 .050 ,100 ,150 .:200 .:250 .300 .3.".0 

f.iololity/mol kg"' 
.4M .450 .500 .550 .600 

4l Hasterton et aT (211 - vapor pressure osmometry 

J. Phys. Chem. Ref. Data, Val. 8, No.4, 1979 



.o'oi:~; 
.0:10···· 

.":'",100-. 
.6.00 

:t~~ffY£ f~:;tf:~f :i:;;;~~~r~tl~' f'l:qua L. i~~5 
-. ". ':"- .~ :':' . '" - ~'. .'. :>,';" 

~;~'9~~r 
.. ;,'. 

c#i~ffj c~~rifi,:r 

\;J1t,t;'~'7756 ]+00:: 
;;:,~,lli3399302.+00: 
,,:;;N9J~S93O+0J 

::;Jib5984j6,19+0 .. 1: 
\~:2U7i86704S+01' 
~ ?::"<'i":~.; .".:'. "f,;" -. ,;,.~ '" .... ", " 

~39,4;:'Ol; 
;r16+oQ: 
;43~'t06 
; n9fOo 
.46~+o(f 

,'a(eoeff) 

.295+00 

.216+01 
·'.601+01 
i732+oi 
.327:+:01. 

a(~qs' ,1)',.' .453-03 
a(eqs.2) = .933-03 
a(eqs3}'o.; 5S6~b3 

,~9s~,3: 

coeffiCl~~i:} 

':';'S738553'632...o1 
- ·~6220i)63257+() l' 

.) J78908991f+0'j 

.T3O'6594S69+t)l 

.-.-, ••• J'~ •.. , •.•. ;; 
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Experimental Data Employed in Generatio'n of Correlating Equation 

Masterton et al [21]. Vapor pressure osmometry measurements performed at 37°C. <l>L and <l>c data for CoC1
2 ~ere used to adjust 'this data to 25°C. Assigned weight is 1.0. 

m/mol-kg -I 
~298.IS 

.030000 .8320 

.040000 .8140 

.050000 .8010 

.~OQOOO .7e90 

.080000 .7f>9t1 

.iooooo .7520 
.200000 .686!l 
.3C'0000 .6320 
•• 00000 .5860 
.500000 .5500 
.600000 .5260 

:1.000 

2.500 

2,000 

1.500 

1·900 

.500 
N 
+ ...... ... .A 
0 0 .Ii> -!).-

<1>< 

-.500 

-1.000 

-1.500 

-2.000 

-2.500 

-3.000 L-___ ~ ___ ~ ___ ~ ______ ~ ___ ~ ___ ~ ___ ~~ ___ ~ ___ ~---~---~~~ 
,0 .050 .100 .150 .200 .250 .300 .350 .400 .450 .500 .550 .600 

~olQlity/mol kg"' , 

'A Masterton et al [21J - vapor pressure osmometry 



ACTIVITY AND OSMOTIC COEFFICIENTS FOR AQUEOUS SOLUTIONS 997 

Recommended Values for the mean activity and osmotic coefficient of cis-[Co(C2H8N2}NH3N02]Br2 in H20.at 2.98.15 K 

m/mol*kg-1 
"Y 

.001 .8838 

.002 .8421 

.Cl03 .8124 
• 00<1- .Talle; 
• 005 .7687 
.006 .7514 
.007 • 7361 
• 008 .7223 
.(lO9 .7097 
.010 .6982 
• 020 .6US6 
.030 .SCi30 
.0.6.0 • 5243 

.050 .4938 
• 060 .4667 
.070 .4475 
.080 • 4291 
• 0,;/0 .41:30 

• 100 .3986 
.200 .3067 
.300 • 2559 
.400 .221!5 
.500 .1960 
.600 .1762 
.700 .1605 
.81)0 .1478 
.900 .1377 

1.000 .1298 

mlmol.k&-l 

.001 

.010 
.100 

1.000 

Coefficients of Correlating Eguations 

~ 

Par coefficient cr{coeff) 
1 .8350063743+00 .265-01 
2 -.3308338378+00 .797-01 
3 -.2721356446+00 .966-01 
4 .lli91 03881+00 .476-01 
5 

I/) ,. ACex/.:r.kg-1 
-l! 

.9!597 • 9OS9948 
• 9444 .SS9898 
.9332 • 9~9849 
.9240 • <i<i91l100 

.9162 .9~9752 

.~C94 • <;<;9705 

.9032 .9<;9658 

.8<;76 .9'.ii'!i612 

.8924 • 999566 

.e676 • <;OS<;!20 

.8S17 .<;<;<;080 

.8273 ... ge660 

.see4 .I:QS::I64 

•. 7S30 • <;;S7859 
.7798 .<;97474 
.7E83 • SS7C98 
.7580 .996728 
.741:'" .9ge::lt)5 

.7403 .996007 

.e789 • 992659 

.6363 .9S<;735 

.E"15 • S87080 
• 5715 .9E4676 
.S4Se • 982467 
.S236 • 980385 
.SOE4 • 978342 
.4945 • 976231 
.4Eee .0;73927 

E..OO. ~ .£ill 

.eooc .ClOOl .0001 

.0003 .C007 .'l005 
.CO,07 .0022 .0009 
.00111 .O1l2~ ~OOD4 

coefficient 
-.6085415820+01 

. TIbli8353 1 3+02 
-.4390216662+02 

.3334285107+02 
-.9915690944+01 

cr (coeff) 
.226+00 
.134+01 
.301+01 
.292+01 
.103+01 

cr{eqs 1) ~ .162-02 
a{eqs 2) = .171-02 
o(cqs 3) - .100-02 

-1 • 
-2 • 
-~ . 
-l:i • 
-7 • 
-9 • 

-11 • 
-13 • 
-16 • 
-Ie • 
-50 • 
-90 • 

-136 • 

-185 • 
-240 • 
-298 • 
-359 • 
-424 • 
-491 • 

-1280 • 
-2229 • 
-3298 • 
-4466 • 
-5718 • 
-7045 • 
-8437 • 
-9a85 • 

-11382. 

coefficient 
.5202880830+01 

-.5774273868+01 
.3i""3b713565+01 

-.5337852850+00 

{coeff} 

.536-01 

.209+00 

.282+00 

.125+00 

J. Phys. Chem. Ref. Data, Vol. 8, No.4, 1979 



998 GOLDBERG, NUnALL, AND STAPLES 

Experimental Data Employed in Generation of Correlating Equations 

Masterton et a 1 [21]. Vapor pressure osmometry measurements performed at 37°C. tL and t c data for CoC 12 
were used to adjust this data to 25°C. Assigned weight Is 1.0. 

mlmo1'kg- 1 
"298.15 

.030000 .8260 

.040000 .80'10 
.050000 .'1920 
.060000 .'1'190 
.080000 .'1590 
.100000 .7~10 

.200000 .6810 
.3ClOOOCl .6:370 
.400COO .60.10 
.500000 .5700 
.600000 .5440 
.800000 .5090 

1.000000 •• eeo 

3.000 

2.500 

2.000 

1.500 

1.000 

.500 
IN .... bb 
0 0 

~ ... 
~x 

-.500 

-',000 

-1.500 

-2.000 

-2.500 

.100 .200 .300 .400 .500 .600 
Molality/mol kc,f' 

.700 .800 .900 1.000 

A Masterton et al [21] - vapor pressure osmometry 

J •. Phys. Chern. Ref. Data, Vol. 8, No.4, 1979 



ACTIVITY' AND OSMOTIC COEFFICIENTS FOR.,AQUEOUS: SOLUTIONS.' .999. 

'. . -1' 
m/mo1-kg .' y. 

.0:0 ,.: 
. • OO~L 

.003 

.004 

.00s 
• ()06'·. 

• 007 
• 008 : 
~OO9' 
.010' 
.020 
.030 
.040·' 

.• 0sO 
.060 
• 070 
.oeo. 
.090 
•. 100 
.200 
.300 
.40(/ 
.500 
.6()0 
.700 
.800 
.900 

1.000 
1.250 
1.500 
1.750 
2.()00 
2 •. 250 
2.000 
'2.750 
2.800" 

: '.; 

• SS5e, 
·.S4.4.: 
.e15·1!"" 
.79.27: 

. ;.7735: 
• 7s'r,.'!O"", 
•. 7422 . 
.7':29~ 
.7171 
.• 7061' 
• 62·SO 

'.5184· 
• 5421' 
• 5135' 
· •• <:lOll 

.'4701 

.452.9 

.4377 

.4242 
e.:J3TliI: 

•. 2894' 
.• .2!57cl) 
.23~9 
.2142 
~.1990 
.le.E4 
.175S, 
.U:68. 
• 14.91. 
.1363 
• 126E· 
d192' 
.• 1.132 
io.l.oe,;:j 
:.1'040 

'''1~~2 
. -1 

m!.mol.kS; 

·.001 
.010 
.1CO 

t .• COO 
2.COO 
2.S00 

COefficients of .Correlat'lng Eguations' 

Eg·s.( 

'f.!!:.: '. 

.. 1. 
2 
3 
4 
5 

.6 

. ~I 088759074+01 . 
-'0 ".ST§b348468+00 
~1602028661+O0: 

~. ~"19640n261-o I 

f1(coeff) 

;358-01 
.467-01 
.256-01 
,495;'02 

0.' s· . l:.Gex/J·kg-1 

.--.!: 
:.960. ~o.j;Q04e -·1 • 

.9457 .9~S898. -2 •. 
•. 93ft •. S'SS848 -3.,' 
.9265 ...... 9aoo -5 •. : 
.~ pi.a ... 9<;9752 -7.' 
.• 'iI.ute .SS9704 -9 • 
.9071' .• '5.<;965;7 -11 .• 
.SC19 •• 0;<;;9610' -13. 
• 8972 .9';<;;564 . -15 • 
.8928 .• \?'Oo;e;IS :-18 • 
.S607 :.';; .... 9070 -,a • 
.e:::93 • 0;0;864:1 -86 • 
.8230 •· .. 98222 -12~f •. 
.e098 .<;;97814 -177 • 
• 7t::l 106 .<.::97414 -.2ze.: 
.7889 .SS7020 ~283 • 

· .7eO:3 • :-S<;t632 ,-341 • 
.,726 .9<;;e249 -401.· 
.7e5t • <;95871 -463 • 

· ·.7JC2 ·.992289 -1·193 •. 
.ea41 .9U970 -2061 • 

· .6595 ' .• <;85844. -3029. 
.~63<;5 • 9132867 -4,077 • 
•. 62 .. 7 ~<;aooos .' -~HI3 • 

· •. ~oe5· '.977242 ;";6367. 
.5963 .974545 -:7592.' 
• EStO •. <;;71898 -se63· • 
.5773 .9E<;;2SJ -'10176.· 
..f;f;l3 • .se278e .-13614 •. 
• 55'22 .' .SE621a· -172:39 • 
.e483 ".949461: ~21015 • 
.5481 ~9424ao ;";,,4915. 
.SEOO· 

: 
.93S:30·S -28919 • 

• ::;;528 .928035 ;"'33011 • 
• S549 .920a34. -37HIl • 
~S!!52 • 919421 ';':38024 • 

'cr(QI) . . Q.!..&n.Yl .!!.hl 

.0001 .OC02 

.0006 .0'14 
.• 0021· .CCl5S 
'.0024 .0073 
.0033 • ccas 
.0049. .oe87 

Eg$'2 

cOefficient' 

.0002 

.0010 

.0025 
·.0012 
.C010 . 
.0009 

a (coeH) . 

.394+00 . 

.190+01 

.373+01 

.'57+01 

. 166+01 

. ;. .40500 1.5680+0 1 
.2'3'9TS'31812+02 

-.3060292713+02 
; 21171651t 1 50+02 

-.1039164063+02 
. i 745752336+0 1 .• 299+00 

f1(eqs. I),. 
a(eqs 2) '" 
f1 (eq$ 3) = 

514-02 
519-02 
353-02 

. . 
'coefflcient 

.6568763321+01 
-.9303671606+01 

.7790660050+01 
-. 'Jj'liOJ05727+0 1 

.5725151722+00 . 

.J(;;ueff) 

.143+00 
;lj86+00 
.639+00' 
;369+00 
.783-01 

J. PhYs. Chern. RIlf.Data, V~J. 8, No;:4/1979: . 
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Experimental Data Employed In Generation of Correlating Eguatlons 

Kasterton et al [21]. Vapor pressure osmometry measurements performed at 37°C. tL and tc data for CoCI 2 were used to adjust this data to 25°C. Assigned weight is 1.0. 

m/rnol'kg -I '298.15 

.030000 .8360 

.0"0000 .8190 

.0060000 .7geo 
.0800CO .'1eOD 
.100000 .7660 
.2COOOO .7220 
.3CCOOO .6900 
."COOOO .6620 
.5COOOO .0;,60 

.6COOOO .6170 

.8eOOOO .5880 
1.CCO\lOO .5760 
1.200000 ..s700 
1.6CO:>00 .151570 
2.CCOOOO .15 .. 60 
2 ... CCOOO .15460 
2.8COOOO .15580 

3.000 

2.500 

2.000 

1.500 

1.000 

A A 
... 

.500 
IN 6 .... A 0 0 

.tx A 

~ 
-.:500 6 

... 
-1.000 

-1.500 

-2.000 

-2.500 

-3.000 '--_"'--________ --'"~--""---'----....... ----........ ---..a.---' 
o .400 .800 1.200 1.600 2.000 2.400 2.800 

Yolality/mol kg-' 

A Kasterton et al [21]- vapor pressure osmometry 
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A ppar~nt Molal Heat Capacity Data 

For CoCb 'md NiCI2 we have used, depending upon 
molality range of interest, two different sets of coefficients 
in the equation <flc/J ·mol-l. k-1 <flco + :kf"'l f3imi/2. 
These are given in table 2. 

TABLE 2. Coefficients used to calculate apparent molal 
heat capacities 

Range of validity I I I 
System molality/mol' kg-' <flo C f31 

I 
I Refer. 
I ence 
I 

Coel. U.U5to 0.24 -278.7 1150.381-61.7 I [23] 
CoCl. 0.10 to 4.2 -"".1 146.38 -20.16 [24] 
NiCl. 0.04 to 0.20 -294.0 150.38 I -67.9 [23] 
NiCl. 0.35 to 2.04 -266.9 89.96 0.0 [25] 

I I 

All of the above coefficients are those given by the respec­
tive workers, except for the coefficients of CoCb for the 
molality range 0.10 to 4.2 mol· kg- 1 which was obtained 
by a least squares fit to the experimental data. 

Additional Auxiliary Data Follow: 

AHOtus 6008 J . mol-1 [26] 
AC·tu• = 38.1 J . m()l-lK-1 [26] 
Ab = -0.197 J. K-2. mol-1 [26] 

Ttu" = 273.15 K for water [ 7] 
R 8.31441 J . K -1. mo]-l [271 
F = 96484.56 C . mol- 1 [27] 
A = 1.17625 kg'h • mol-'h [ 2] 
p. = 3168.6 Pa (23.7627 torr) [28] 

for water at 25 ·C 
BT -992 ama . mol- 1 Ilt 25 °C [29] 
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